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Though many t ypes of secondary vegetation derived 
from Tropical Rain forest have been described, 
they have seldom been closely studied and very few 
systematic observations have been made on the 
successions of which they are stages. It is 
unfortunate that this should be so, because no 
aspect of the ecology of the Tropical Rain forest 
is of greater practical value or promises results 
of more theoretical importance . 
(Richards 1952, 377) 
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PREFACE 
When or iginally conceived, this research project was intended 
to include an investigation into the nature of shifting cultivation as 
well as the secondary vegetation produced by it . However, field 
experience illus t rated the complexity of secondary tropical rain 
forest vegetation and the impossibility of dealing adequately with 
both it and shifting cultivation in the time available. Consequently, 
the project was re - cast as an ecological investigation of secondary 
vegetation . Shifting cultivation was considered only in respect of 
its possible direct effects upon the revegetation of sites and of the 
practical significance of the results to the design of an agricultural 
system . While this re - orientation of the project resulted in research 
becoming steadily less 'geographical' and more 'botanical', the 
objectives were restricted to those that I felt competent to handle. 
The project was carried out during the tenure of a research 
scholarship at the Australian National University : field work was 
also supported by that institution . Grateful acknowledgement is made 
of the considerable financial assistance provided. Data were gathered 
during a reconnaissance trip to Mindanao in February -April 1964 and 
during one year spent living in the field area, from November 1964 to 
November 1965 . 
A great many individuals and institutions have assisted in 
this research project, all of whom it is impossible to mention 
individually . However, I would like to record a special word of thanks 
to several persons. Dr R. Hoogland, Mr R. Pullen and Mr R. Schodde of 
the Land Research Herbarium, Commonwealth Scientific and Industrial 
Research Organization , Canberra, have devoted a great deal of time to 
identifying plant specimens for me . Dr D. Mclntyre of the Division of 
Soils, CSIRO, Canberra, offered useful comments on the measurement of 
soil moisture and made available the Division's pressure membrane 
apparatus for callibration of soil moisture blocks . Dr W.T .Williams 
of the Computing Research Section, CSIRO , Canberra, gave much relevant 
advice on statistical techniques and permitted computation of data on 
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the Section ' s computer using ordination programs developed by himself 
and Dr G. N. Lance . Assistance in other computing problems was provided 
by Miss Mary Rose and Mr P .Tyndale of the Australian National University . 
The Soil Science Laboratory of the Royal Tropical Institute, Amsterdam, 
carried out soil analyses and made useful comments on the results . 
I should like to thank Capt . and Mrs R. C.Taleon of Davao City, 
Philippines, fo r per mitting my wife and I to live for a year on their 
farm and for helping us in many other small ways . The people of 
Gumate extended their hospitality to my wife and me during our stay 
among them , and tolerated many strange goings - on on their land with 
good humor . A special word of thanks is due to my field assistant, 
Vivencio Tubig, whose vigorous and intelligent aid greatly facilitated 
data gathering . 
All members of the Geography Department at the Australian 
National University have assisted or advised me at some time. I am 
especially indebted to my supervisor, Dr D.Walker, who has given 
invaluable advice and support to me throughout this project and who 
has devoted much time in its closing stages to hammering my English 
into readable prose. Dr D. N. McVean and Dr H. C.Brookfield have both 
read the manuscript and offered helpful comments . Mrs Maureen Powell 
has provided material support at all times, particularly during the 
period of field work . Mr H. Gunther of the Cartography Laboratory 
has advised me on many drafting problems : Figure 1 was drawn by 
Mr M. Pancino of that laboratory . Mr J . R.Flenley and Mr P . G. Holland, 
fellow students, have devoted much time to discussing various 
problems with me . Miss Catherine Haken has typed the final copy . 
Finally, I should like to say a special word of thanks to 
my wife, Carmen, who has encouraged and aided me throughout this 
project . She sojourned with me for a year in Mindanao, accompanying 
me daily into the field under conditions that were seldom pleasant 
and carried out many of the preliminary calculations. Were it not 
for her help , the scope of the project would have had to be consider -
ably reduced . 
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INTRODUCTION 
Secondary vegetation may be defined as vegetation developed 
subsequent to human interference, Any human presence in an area 
almost invariably produces interference in some degree but the term 
is used here to describe only catastrophic human interference 
involving destruction of most or all of the above-ground living plant 
material. It is probable that even Paleolithic man , by the use of 
fire, was able to affect much of the earth 's natural vegetation in 
this catast rophic manner , producing extensive areas of secondary 
vegetation in regions of dry or seasonally dry climate (Sauer 1956) . 
The advent of agriculture, bringing with it woodland clearance and 
grazing, must have extended the areas of secondary vegetation greatly 
particularly in the more humid climates which, until that time, had 
escaped severe interference. In this way man has been responsible 
for creating new vegetation types or at least for extending types 
formerly of minor importance, and it is probable, as Anderson (1956) 
has pointed out, that he has also precipitated the evolution of many 
new species which now occupy the unique habitats created by his 
disturbance . 
Although agriculture in most temperate areas has now stabilized 
and plant communities that are obviously secondary are no longer 
prominent, it is probable that much of the supposedly natural 
vegetation of these regions shows, albeit in subtle ways, the effects 
of man's previous activities. The 'old field' communities of North 
America are still a noticeable, although slowly disappearing, feature 
of the landscape, and Curtis (1959) concludes that much of the natural 
vegetation of Wisconsin is still recovering from pre - Columbian Indian 
disturbance. 
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SECONDARY VEGETATION IN THE HUMID TROPICS 
Most secondary vegetation in tropical rain forest areas until 
recently was probably exclusively the product of man ' s agricultural 
activity; the continually humid habitat would have made the widespread 
use of fire almost impossible without prior forest clearance . At the 
time of European man ' s appearance in the humid tropics, most secondary 
vegetat ion must have been the product of primitive shifting cultivation 
which existed in all such habitat s. Only in the south east Asian 
tropics was a sedentary agriculture, based on wet rice cultivation, 
established in small parts of the landscape. 
Today, shifting cultivation is still responsible for the 
production of extensive new areas of s e condary vegetation, and the 
maintenance of this in an ' early ' secondary state. The lack of a 
suitable alternative type of agriculture and, in south east Asia, 
severe population pressure, have both served to maintain this situation . 
Indeed, in many areas, demographic pressures have forced settled 
agriculturalists to adopt shifting cultivation, leading to what, in 
the Philippines, is termed 'supplemental' and 'incipient ' shifting 
agriculture by Conklin (1957). European man has also done much to 
extend the areas covered by secondary vegetation in the humid tropics. 
The abandonment of unproductive plantations has created vast new areas 
of this vegetation and more recently extensive logging operations have 
introduced a new type of secondary vegetation to the landscape . 
Despite its widespread occurrence tropical secondary vegetation 
has received little attention in the literature . A concern among 
ecologists to concentrate upon the shrin~ing areas of primary forest 
together with the difficult working conditions in tropical secondary 
vegetation probably both contribute to this omiss ion. Most mention of 
secondary vegetation in the tropics is in passing reference in 
publications mainly concerned with primary forest or with practical 
problems (e.g. Brown 1919 ; Brown and Mathews 1914; Whitford 1906; 
Wardlaw 1931; Beard 1945; Asprey and Robbins 1953) . Even when 
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observations have been more intensive (e.g. Burkhill 1919; 
Kennoyer 1929; Greig-Smith 1952; Clayton 1958), the lack of micro -
environmental measurements and an insufficiency of sites to enable the 
accurate interpretation of spatial variation in terms of a time sequence, 
have restricted the usefulness of the results. Unfortunately, the 
long-term observations initiated by Symington (1933) in Malaya were 
prematurely terminated : it is to be hoped that those started by 
Anderson (1960) in Sarawak will not meet a similar fate. The work of 
Ross (1954) in Nigeria is the only published attempt to make micro-
environmental measurements in secondary vegetation and to relate these 
to observed differences (and inferred changes) in the vegetation. 
These results, too, are restricted by the insufficiency of sites. With 
this paucity of detailed information, it is not surprising that accounts 
of this vegetation type (Richards 1952, 1955; Fosberg 1960; 
Kostermans 1960) have been very general. 
There are pressing academic and practical reasons for a more 
detailed study of tropical secondary vegetation. The possibility that 
much supposedly primary forest is, in fact, secondary (e . g . Jones 1956) 
suggests that such a study may throw some light on the stability of 
the rain forest 'climax 1 and the naturalness of communities observed 
in it . The rapid changes that take place in this vegetation make it 
ideal i:,r the study of the process of plant succession : not only can 
a wide range of different stands be found in a small area, but many, 
because of their relative youthfulness, can be dated with some accuracy . 
On the practical side, the vast and continually extending areas of 
secondary vegetation call for further study: they are a virtually 
unknown resource the general form of which can be ascertained but the 
detailed composition and functional relationships of which have only 
been surmised . The effect of this vegetation, much of which has 
recently displaced primary forest, on runoff and soil erosion is also 
unknown . Fallows of secondary vegetation are an essential ingredient 
of all systems of shifting cultivation, many of which would seem to be 
with us for some considerable time, and most of which need rationalizing . 
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METHODOLOGY 
A study of secondary vegetation may be undertaken at any one 
of several levels of intensity . At one extreme , a broad survey of the 
secondary vegetation of a large geographic region may be undertaken : 
while providing an abundance of information, such a study could offer 
few explanations for observed variations in the vegetation that were 
more than speculation. At the other extreme, an intensive study of a 
single homogeneous stand would provide valuable data on patterns of 
colonization by, and state of integra tion of, the constituent species 
but would preclude consideration of the interesting time variable . A 
study at a level of intensity intermediate between these two extremes 
was selected, with the time factor included by sampling stands of 
various ages in which other possibly influencing factors could be held 
constant or measur ed. The three major factors, other than age, that 
may possibly affect secondary vegetation are the source population of 
species, the environment and the type of human disturbance before 
abandonment. Under field conditions it was found most practicable to 
hold the first two of these variables constant by selecting stands that 
were in close proximity to each other . To enable assessment of the 
disturbance variable, only those stands which were sufficiently young 
to permit verbal reports of their histories to be used with some 
assurance, were selected . While this resulted in stands of no more 
than 27 years age being selected, the complex differences that exis ted 
even in such youthful vegetation provided ample scope for research . 
The study area sought, therefore, was one in which environmental 
variation was minimal, which contained stands of a variety of secondary 
vegetation sufficiently small to permit adequate sampling in the time 
available, the site histories of which could be determined with some 
accuracy and which were preferably recovering from human disturbance 
only for the first time . In addition, good access to the area and ease 
of movement within it were practical necessities. Mindanao, the large 
southern island of the Philippine archipelago, was selected as a 
suitable region in which to locate a study area. Pre -war reports 
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indicated the existence there of large areas of primary forest, some 
native shifting cultivators and many new roads extending into unsettled 
areas . When the island was first visited by myself early in 1964, it 
was immediately clear that extensive changes had occurred in the post-
war period, few of which had been documented. Most notable was the 
vast immigration of settlers to the lowlands and the consequent 
disappearance of much natural vegetation . Despite these changes, a 
suitable area was found on the eastern slopes of the Mt Apo mountain 
mass on the western side of Davao Gulf in south east Mindanao (Figure 1) . 
Although the area was at a highe r a ltitude than had originally been 
anticipated, and thus possibly an atypical habitat, further travel 
about the Philippines revealed that secondary vegetation in the archipelago 
was being increasingly restricted to such upland locations and that the 
area selected was, in fact, representative of the environment in which 
much of the secondary vegetation now exists . 
The study aimed at being ecological rather than strictly 
phytosociological, with explanations of vegetation characteristics 
reduced to the level of plant - environment interactions. As the study 
was exploratory, little previous research existing as a basis from 
which to start, a wide range of environmental variables was measured . 
Although it was anticipated, and indeed eventuated, that many of the 
environmental variables measured did not affect the vegetation in any 
significant way, such negative results are inevitable in the opening 
stages of the study of any vegetation type. 
In a research project such as this, autecological data may be 
gathered in either of two ways : the performance of a species growing 
under controlled environmental conditions can be measured and this 
related to field environments, or the performance of a species in the 
field may be observed directly and this related to the environmental 
conditions measured at that place . The second method involves two 
possible sources of error: firstly the colonizational factor is not 
controlled and, in situations where sufficient time has not elapsed for 
species to migrate to all positions in a study area, erroneous 
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conclusions may be drawn, and, secondly, the response of a species may 
be radically altered by interspecific competition . The second source 
of error can be circumvented if the assessment of plant response is 
restricted to stages of a plant ' s development when interspecific 
competition is minimal . Such a restriction has been applied in this 
study and the second method of data gathering adopted. Despite 
possible errors caused by the remaining un - controlled factor the 
method was thought preferable in a study such as this because it 
enab l ed a large amount of dat a to be collected in the time available 
and because the large number of species encountered would have made 
detailed autecological experimentation on a significant propor tion 
impossible. The use of this method means, however, that autecological 
conclusions drawn must be interpreted as only tentative ; further 
experimentation in controlled environments would be a prerequisite of 
firm conclusions . 
The investigation has been limited to vascular plants only . 
The taxonomic species has been taken as the basic ecological unit, all 
members of which are assumed to respond similarly to environmental 
factors . It is thought that in so limited an area as that in which 
the study was conducted, ecotypic variation was small . The need to 
distinguish between juvenile plants taxonomically, and the impossibility 
of accurately doing this with respect to all plants encountered, 
forced some 1 lumping 1 of a few distinct species into single units . 
Thus, for example, tree ferns, which included at least two spec i es, had 
to be treated as a single ecological unit . However, such a procedure 
was avoided wherever possible . 
Any study of a phenomenon , such as secondary vegetation, which 
varies with time, requires either a long period of observation 
(impracticable in this case), or the use of spatial variety to interpret 
a time sequence . The latter procedure was inescapable in this study 
and the best that could be done was to hold all possibly influencing 
variables constant (environment and source population of species, in 
this instance) or to assess their complicating effect (degree of 
disturbance, in this instance), and to ensure that age of the units 
studied was de termined with some accuracy . 
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CHAPTER 1 
THE STUDY AREA 
THE MT APO REGION 
' Mount Apo ' as a regional term is usually applied to the 
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whole mountainous complex lying west of Davao City (7°5 1 N. 125°30 1 E.) 
and straddling the Davao - Cotabato provincial boundary in south-eastern 
Mindanao (Figure 1) . The complex includes three distinct peaks: 
Mt Apo itself, the highest (2938 m. a . s . l.) and most westerly, 
Mt Talomo (2674 m. ), eight kilometres to the north-east, and Mt Sibulan 
(1322 m. ), eighteen kilometres to the south -east of the main peak . 
The three peaks are separated by high plateaux giving the impression, 
when viewed from Davao Gulf, of a single highland mass . While Mt Sibulan 
abuts the west side of Davao Gulf Mt Talomo lies well inland as the 
coast thereafter curves north- east toward Davao City . Between the 
rugged upper slopes of Mt Talomo, which extend down to about 1000 m., 
and the flat coastal plain , stretches a wide (8 - 13 km . ) semi - circular 
fan of uniform slope which unites Mt Sibulan in the south with Mt Tipalog 
in the north . Deeply entrenched perennial streams form a radial 
drainage pattern across this fan . Fi eld work was carried out in an 
area straddling the boundary between this fan and the upper slopes of 
Mt Talomo (Figure 1). 
The whole mountain mass is thought to be composed of post -
Tertiary volcanics , predominantly andesites, (Smith 1908 , 1911; 
Willis 1937) and in the study area th i s was the only type of bedrock 
seen. While Mt Apo shows signs of recent volcanic activity (fumaroles 
still exist at its summit), the two lower peaks seem to be of greater 
antiquity. The summits of both are roughly circular in form, each 
enclosing a deep , steep- sided, amphitheatre that is drained by a single 
stream flowing eastwards . This form , whether evidence of old craters 
or merely the result of advanced erosion under humid tropical conditions, 
indicates a long period free from vulcanism . While the possibility of 
Figure 1 
South- east Mindanao showing the location of the study area. 
Altitudes are in feet . 
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disturbance to the vegetation on Mt Talomo by recent ejecta from Mt Apo 
cannot be overlooked, no convincing evidence of this was found in the 
upper horizons of any soil profile examined in the study area . More -
over, Pendleton ' s (1942) report on the soils and surficial geology of 
the Kidapawan district to the west of Mt Apo suggests that most recent 
ejecta have been deposited in that direction . 
The region experiences the high temperatures with a lack of 
seasonal var iat ion that are typical of the humid tropics . Although 
, 
influenced by sever al air mass types the region ' s rainfall regime also 
lacks seasonality (Figure 2) . According to Manalo (1956), eastern 
Mindanao experiences a north - easterly monsoonal air flow from November 
until March. This air mass is typically shallow and, although producing 
abundant rainfall on the east coast at this t i me, does not have a 
comparable effect to the west of the low eastern mountain range . 
During the latter half of March and early April this north- easterly 
monsoonal circulation gives way to the north - east Trades which predominate 
during May and June and whose effects on rainfall extend westward over 
much of the island . A slight rainfall maximum is experienced at Davao 
City during this period . During the remaining summer months south-
eastern Mindanao experiences weak south - east Trades , the summer monsoon 
being effective only farther west . Rainfall at Davao City during this 
period is moderate and the slight peak in Oc t ober is probably associated 
with the passage south of the inter - t r opical convergence zone . The 
region is comparatively free of cyclones and only one per cent of those 
experienced in the Philippines before World War II affected Davao 
(Allied Geographical Section , south-west Pacific 194~) . Within the 
region itself climate varies considerably with elevation and in the 
study area at approximately 1000 m. daily maximum and minimum air 
temperatures were several degrees (Centigrade) lower and rainfall 
almost double that of Davao City for the year of observations (Figure 5). 
The climate of the study area will be discussed more fully in a later 
section . Dickerson (1926), using paleontological evidence, argue s that 
climate in the Philippines has not changed greatly since t he Te r tiary . 
' 
Figure 2 
Monthly means of ma.,~imum and minimum temperatures and rainfall 
at Davao City during the post orld War II period and during 
the period of field observations. 
Figure 3 
Variations in the annual totals of rainfall at Davao City 
during the post-World War II period . 
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If this contention is correct such a period would have been ample to 
permit the development of stable vegetation types with the flora 
available. 
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Assuming recent climatic and geologic stability, and particularly 
a rainfall similar to that of the present, a near - complete forest cover 
must have existed throughout the region before the advent of man . Only 
the steep cliffs of the mountain complex and the summit of Mt Apo itself 
together with small, seasonally innundated, portions of the coastal 
plain (Montano 1886) were likely to have been forest - free. The probable 
nature of the region's virgin forest can be reconstructed from scattered 
remnants and from accounts o f undisturbed vegetation in other parts of 
the archipelago (Brown 1919; Brown and Mathews 1914; Merrill 1923; 
Whitford 1906, 1909). 
Behind the littoral complex of beach forest and nipa swamps 
the lowland was probably covered by a mosaic of swamp forest, dominated 
by Terminalia spp., with evergreen dipterocarp forests on the better-
drained sites. Whitford (1909) estimates that seventy- five per cent of 
the virgin forests of the Philippines were of the latter type which 
extended up to 900 m. altitude, while Brown and Mathews (1914) write 
of the best development of these forests below 1000 m. On nearby 
Samal Island (Figure 1) Whitford (1909) estimates that in 1909 eighty 
percent of the timber volume was composed of dipterocarp species . 
Remnants of this forest type persist in gullies on the lower slopes of 
Mt Talomo and small undisturbed patches exist in the study area itself. 
Its general characteristics include a tree layer of Dipterocarpaceae 
reaching 35-40 m. above the ground with two or more subordinate 'layers' 
more complex floristically . Climbers are abundant with species of 
rattan predominating, their juvenile rosettes forming much of the sparse 
undergrowth . Above 1000 m. altitude the vegetation is little disturbed 
and the forest can be more accurately described from field observations. 
With increasing elevation the large dipterocarps become scattered and 
the main canopy is formed of smaller trees with various species of oaks 
(Lithocarpus spp .) predominating . Rattans persist but the forest becomes 
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increasingly mossy with altitude . Tree ferns (Cyathea contaminans and 
C. elmeri) are prominent in the subordinate ' layer ' and a ground flora 
of herbs and ferns becomes more pronounced . Large gymnosperms, 
notably Agathis sp. and Podocarpus sp . , are scattered throughout the 
higher parts of this forest type which, becoming lower and increasingly 
mossy, was observed up to 2000 m. on Mt Talomo . Although at higher 
elevations in this region, it appears comparable with the forest at 
600 - 900 m. on Mt Makiling in Luzon which Brown (1919) calls 'mid -
mountain ' forest . On the eastern face of Mt Apo this forest gives way, 
at about 1800 m. , to a low- canopied woodland. The trees, among which 
Myrica javanica predominates , are of coppiced growth form and become 
increasingly stunted and scattered as the forest limit (about 2200 m. ) 
is approached. No mossy ' el fin woodland ' of the type frequently 
described on tropical mountains (Richards 1952) occurs in this locality. 
This may be a local micro - climatic effect or may be related to recent 
vulcanism. 
The soils of the entire eastern slopes of the Mt Apo region 
are mapped by Mariano et al . (1953) as a single series, Tugbok Clay, 
while a narrow coastal strip is mapped as an alluvial series, San Manuel 
Silty Clay Loam . The rugged upper portions of the region are classed 
as undifferentiated mountain soils . As it will be shown later that 
the soils in the study area closely resembled Tugbok Clay the soil 
survey description of this series is quoted (Mariano et al. 1953, 38) : 
The surface soil of Tugbok Clay consists of brown to weak 
reddish- brown, prismatic and slightly compact clay 30 to 35 cm . 
deep. It is hard and brittle when dry, but plastic when moist . 
The subsoil is reddish - brown yellowish- red, slightly compact 
clay loam that goes to a depth of 100 cm. from the surface . 
The boundary between the two layers is very gradual as to be 
almost impe r ceptible . The substratum is a light brown clay 
with weather i ng rocks and boulders. The surface soil contains 
a fair amount of organic matter and is of slightly acid 
reaction . Roots penetrate the solum readily in spite of the 
somewhat heavy nature of the soil . Surface drainage is 
good and internal drainage fair to good . The soil is 
slightly susceptible to erosion. 
This soil seems to fit into the Acid Brown Forest Soil great soil group 
of Dudal and Moorman ' s (1964) classification of south- east Asian soils . 
The eastern slope of the Mt Apo region was the pristine home 
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of the Bagobo t ribe . At the time of the Spanish founding of Davao City 
in 1849, these pagan shifting cultivators were occupying an area that 
extended from the Digos river valley , south of Mt Apo, to the eastern 
slopes of Mt Talomo . Their habitat seems to have been the mid and 
upper portions of the fringing fan where they were free from interferen ce 
by Muslim seafarers and which was doubtless more healthy than the 
swampy lowlands. Their tribal mythology indicates a long residence in 
this area (Benedict 1916 ; Cole 1911, 1913) . On the southern borders 
of their tribal area the Bagobos merged with the Bilaan tribe and on · 
the north with the Atas and Guiangas (Angeles 1964 ; Cole 1911, 1913; 
Sawyer 1900) . The location of the northern tribal boundary is of 
interest in this study for it gives some clue as to whether the study 
area may have undergone excessive human disturbance. Cole's (1913) 
tribal map of Davao Gulf places this boundary well north of the study 
area but she includes the small Guianga group as part of the Bagobo 
tribe. Sawyer (1900), on the other hand, separates this group which 
he maps as inhabiting the north - east slopes of Mt Talomo . The degree 
to which the Guiangas were integrated into the Bagobo tribe is unclear 
but as considerable warfare seems to have taken place even within this 
tribe (Cole 1911) it is probable that there was intermittent hostility 
between the two groups. If this were so, the inter - tribal territory, 
which probably included the study area, would have escaped intensive 
agricultural disturbance . This possibil i ty is supported by the 
consistent reports of early obse r vers (Benedict 1916 ; Cole 1911, 1913 ; 
Montano 1886) that the Bagobo population was centred at Sibulan, well 
to the south of the study area . Local informants denied the presence 
of Bagobos in the study area at Gumate when it was settled by aliens, 
and no charcoal was seen in any soil profile . Indeed, the rugged 
topography and abundant, evenly distributed, rainfall of the area would 
have made the burning of cut vegetation difficult and so deterred 
shifting cultivators. 
Although having probably not interfered with the vegetation of 
the study area the Bagobos had , by the late nineteenth century, destroyed 
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much of the original forest on the eastern slopes of Mt Talamo and 
Mt Sibulan . Benedict (1916), in an apparent reference to woody second 
growth, mentions the necessity of climbing through dense and thorny 
forest to reach their villages while Cole (1913) and Montano (1886) 
mention extensive 'cogonales', or grasslands of Imperata cylindrica, 
in this region . The likelihood that these grasslands are anthropogenic 
is supported by Cole's (1913, 52) description of tribal agricultural 
techniques : 
as the ever-present cogon grass begins to invade the 
open land, they substitute (in place of upland rice) sweet 
potatoes or hemp (abaca) . In time, even these lusty plants 
give way to the rank grasses and the people find it easier 
to make new clearings in the forest than to combat the pest 
with the primitive tools at their command. 
The recent cultural history of the region dates from the 
founding of Davao City by the Spanish in 1849 . The reafter Bagobos 
were encouraged to settle in villages on the coast where they could 
be more easily proselytized and an influx of Visayan immigrants took 
place around Davao City. After 1900 extensive Japanese immigration 
occured. These newcomers e stablished abaca fibre plantations on the 
lower slopes of Mt Talomo and, at the time of the outbreak of World War II 
in this theatre, had just begun clearing the forest of the study area 
at Gumate . The period since the war has witnessed the rapid break-up 
of these plantations which have been occupied by Visayan immigrants 
(Pelzer 1949). Commercially valuable dipterocarp forest remnants at 
high elevations have been heavily logged and, although this upper 
portion of the mountain complex is officially a national park, the 
forest has been cleared to grow abaca, coffee and bananas . 
GUMATE, THE STUDY AREA 
The study area was selected after a reconnaissance trip in 
Davao and Cotabato provinces . It possessed a variety of regrowth 
stands in close proximity to each other all of which were, reportedly, 
only in their first or second cycle of regeneration; moreover, some 
reliance could be placed on the histories of disturbance to each stand 
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as recounted by the local farmers who were relatively sophisticated 
Visayan immigrants . An added factor influencing the selection of this 
area was its relative accessibility which was considerably better than 
that of most other areas visited. A recently constructed logging trail 
led into the area and facilitated movement within it. Had this not 
existed the intensity of study would have had to be seriously reduced. 
PHYSICAL GEOGRAPHY 
Gumate was not a recognized administrative unit but a term 
probably recently applied to the area surrounding a creek of this name . 
For present purposes it is used to describe the area containing the 
sampled vegetation stands. These covered an area roughly 2.6 km . in 
an east -west and 1.3 km . in a north-south direction with altitudes 
varying from 870 m. in the east to 1235 m. in the west (Table 1). 
Plate 1 is an oblique aerial photograph of the area and Figure 4 a 
corrected planimetric map derived from this photograph. There was 
considerable topographic variation within the area itself. The lower 
and more easterly portion consisted of broad interfluves separated by 
deep gullies, while in the upper half topography became more rugged 
and many small streams flowed in deep valleys separated by steep-sided 
ridges. As a main reason for selecting a study area of so limited 
extent was the hope that its environment would be uniform, attempts 
will be made, in the description that follows, to assess the uniformity 
of the several macro-environmental factors considered. Also attempted 
below is an assessment of how representative of a longer period were 
the year 's climatological records; particularly that period during 
which the secondary vegetation studied had been growing . As the region 
lacks any insolation (incoming short -wave radiation) records those made 
during the year 's field work cannot be related to any average condition. 
However, both daily temperatures and rainfall have been recorded at 
Davao City for the periods 1904-1939 and 1946-present. Should spatial 
correlation exist between the study area and this locality, the year 's 
t 
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Plate 1 
Oblique aerial photograph of the study area. 
Plate 2 
Aerial photograph of stand 12. The probable 
corners of the originally cleared site are 
bracketed . The lowest portion of the site , where 
Musa is still prominent , was occupied by Japanese 
troops in the closing stages of World War II. 
Sampling was restricted to the upper {right- hand) 
half of the stand . 

Figure 4 
Planimetric map of the study area derived from Plate 1. 
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Tab le 1 
AVERAGE ELEVATIONS , SLOPES AND ASPECTS 
OF SAMPLED SITES 
E le vat ion (m . ) Slope (%) 
980 40- 50 
1000 10- 50 
970 30- 35 
965 15 
1085 35 
1075 40 
940 10 
980 45 
1030 30 
950 25 
925 45 
1235 40 
1185 30 
950 12 
870 14 
885 17 
1055 15 
1030 35 
15 
Aspect 
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records for these phenomena at Davao City will give some idea of how 
representative were the year ' s records at Gumate. Because the oldest 
sampled stand was abandoned in 1938 the post-war records for Davao City 
will be used for comparison with the year's observations. 
Climate 
At an elevation of 900 - 1200 m. , Gumate lay slightly below a 
cloud cover which developed on most mornings and persisted until night-
fall. Frequent slight falls of the cloud base resulted in periods of 
cloud envelopment. This cloud cover was a dominant feature of day- to-
day weather reducing insolation and producing rainfall that was abundant 
and consistent . Meteorological records were taken throughout a complete 
year (November 17 1964 - November 16 1965) at a station es tablished 
near the house - site at 970 m. elevation (Figure 4) . Daily maximum and 
minimum air t emperatures were measured with a shielded thermometer placed 
approximately 1 m. above the ground surface. Daily rainfall was 
measured with a simple rain gauge mounted at 1.5 m. above the ground 
and daily incoming short -wave radiation measured with a bimetallic 
actinograph mounted on a tree stump 4 m. high to ensure an unobstructed 
horizon. Temperature and rainfall readings were made daily at 
approximately 6 p .m. when insolation had fallen to ze ro and the 
actinograph chart could be changed. 
Insolation 
Monthly totals of incoming short -wave radiation are shown in 
Figure 5 while daily totals are listed in Appendix I . Total energy 
income for the year was 126 . 75 kg . cal. per sq . cm. It is noteworthy 
that, despite the persistence of a dense cloud cover over the area, 
this figure differed little from the estimates made by Budyko (1958) 
and Landsberg (1961) for Mindanao generally, namely 120- 140 kg. cal . 
per sq . cm . per year . This coincidence is doubtless due to the 
elevation of the area for, with increasing height above sea level, 
the decrease in atmospheric mass results in less atmospheric absorption 
t 
) 
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Figure 5 
Meteorological records made in the study area during the year 
November 17 1964 - November 16 1965 . 
(a) Monthly totals of incoming short- wave radiation. 
(b) Monthly means of daily maximum and minimum a i r 
temperatures . 
(c) Monthly rainfall totals . 
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and scattering of incoming radiation. This increase in shortwave 
radiation is, moreover, proportionately far greater under overcast 
than under cloudless conditions, radiation from clouds providing most 
of the increase (Geiger 1965) . Consequently, despite the dense cloud 
cover, plants in the area received a similar energy input and faced the 
same hea t transfer problems as plants at sea level. 
Because of the limited number of actinographs available no 
attempt could be made to measure variations in incoming radiation within 
the area . Some decrease doubtless existed from the lowest to the 
highest stand as a r esult of differing cloud thickness and f r e quency 
but, as the eastern edge of the daily cloud blanket usually lay well 
beyond the lowest stand, this variation was probably small. Further 
sources of insolation variation were the differing slopes and aspects 
of the site s (Table 1). While the effects of these variable s on direct 
insolation can be accurately calculat ed, their effects on total 
insolation (direct plus diffuse sky radiation and reflected radiation) 
can only be measured using an instrument with its receiving surface 
tilted appropriately. The actinographs, being mechanical rather than 
e lectrical devices, had to be accurately l eve lled, however, and this 
technique could not be used to correct for differing slopes and aspects. 
The effects of these two factors on insolation in this locality were, 
however, probably of less importance than they would have been in a 
less cloudy locality. Their influence is largely on dire ct sun radiation 
while diffuse sky and reflected radiation, which make up a large 
proportion of the total under average weather conditions, are ma inly 
non-directional and so equally available to all s lopes and aspects 
(Geiger 1965) 1 . At Gumate, where a dense cloud cove r persist ed daily, 
the vast proportion of radiation was indirect and so e qual ly available 
at all sites . In what follows it has been assumed that incoming short -
1 
For example, records made on a horizontal surface at Hamburg 
observatory show that, in this locality, only 37 . 3% of total annual 
insolation is direct while some 47 . 3% is diffuse sky radiation and 
15 . 4% reflected radiation (Collmann 1958). 
wave radiation was e qually available to all the stands sampled. 
Air Temperature 
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Monthly averages of daily maximum and minimum air t emperatures 
for the year of observation at Gumat e are plotte d in Figure 5 and the 
daily records listed in Appendix I . The low seasonal, but relatively 
high diurnal, temperature variation typical of tropical latitudes was 
evident . Thus, despite being a montane locality and possessed of over-
all lower temperatures than the adjacent lowlands, the r eg ime was similar. 
Unfortunately, it proved impracticable to make regular standard air · 
temperature measurement s throughout the study area and an assessment 
of the uniformity of this can only be arrived at indirectly. In the 
Wabag-Tari area of eastern New Guinea Fitzpatrick (1964) has found an 
environmental lapse rate, based on mean annual air temperatures, of 
0 0 3 F. per 100 ft (5.5 C. per l00Om.) for the 900 -2100 m. range of 
altitudes. Few other figures of this type exist, however, probably 
because of their inherent low accuracy. Air temperature lapse rates 
based on annual means probably give only a crude indication of variation 
within so restricted an area as Gumate . Much of the daily maximum 
temperature variation in the air layers close to the ground that are 
being considered will be due to l ocal differences in surface radiation 
balance especially differing radiation receipts, if the surface albedo 
· 'd d l is consi ere constant . As the conclusion has already been drawn that 
receipts decreased with altitude throughout the area it seems probable 
that lapse rates of daily maximum air temperature were somewhat above 
the average calculated for greater altitudinal ranges . Daily minimum 
air tempe rature variation, on the other hand, will be largely a 
reflection of nocturnal surface radiation and local topographic effects 
on air drainage. As the first factor is dependant on nocturnal cloud 
cover (providing wind speeds are low) which tended to be uniform over 
the study area on most nights, this is unlikely to have been a major 
source of variation. The topographic effect is probably a greater source 
1 Constancy of surface albedo in this area is probably a valid approximation 
Most surfaces are covered by a closed mat of healthy vegetation and the 
limited albedo data available from other areas suggest that under such 
conditions this factor is constant (Budyko 1958 36- 37; Davies 1962) . 
19 
of minimum air temperature variation although the complexity of this 
variable makes any assessment of its importance hazardous. The most 
that can be said is that the lack of major topographic depressions in 
the area set a limit to the effect of cold air drainage on minimum air 
temperatures and that any variations that were produced were probably 
very localized and on an intra- stand rather than inter - stand scale. 
When plot t ed as scatter diagrams, mean monthly maximum and 
mi nimum temperatur es in the region (Davao City 1964- 65/ Gumate 1964- 65 
and Davao City 1964-65/ Davao City 1947 - 65) appear to have possessed a 
fair degree of spatial and temporal correlation. While it is desirable 
to measure this correlation with a statistical coefficient, this has 
proved impracticable . Within - group temperature variation was in all 
cases very limited and standard deviations for each approximated 0.5°c . 
Such low variation means that any 'rounding-off' of figures in the 
calculation of means results in disproportionately large errors and a 
meaningless coefficient . Att empts to calculate these coefficients, 
while giving some apparently meaningful 'r ' -values, produced, in some 
instances, coefficients greater than unity . All coefficients have 
therefore been discarded as inappropriate to the task. Indeed, because 
diurnal and day- to - day temperature variations in the tropics tend to 
be far larger than seasonal variations, a comparison, such as this, is 
probably of little value for present purposes as only rare individual 
days may be . expected to diverge from the general pattern and monthly 
or annual means for any period will tend to be nearly identical to 
those of any other period. It follows, therefore, that any year's 
air temperature observations made at such a tropical site will tend 
to be 'typical ' . 
Rainfall 
Monthly totals of r ainfall recorded during the year of 
observations at Gumate are plotted in Figure 5 and the daily totals 
listed in Appendix I . Total for the year was 422 . 09 cm . (approximately 
166 in .). Ra i nfall over 0 . 01 cm . was recorded on 272 days of the year, 
the longest dry spell being six days. Although considerable month - to -
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month rainfall variation occurred this was erratic rather than 
regularly seasonal suggesting that localized weather conditions, and 
not seasonal air mass movements, were responsible for the annual 
distribution . For example, the low July rainfall was associated with 
a continual high overcast producing low insolation and temperatures; 
a result, according to the local meteorology office, of a strong 
westerly airflow at high altitudes . This circulation did not, however, 
affec t the lowlands in the same way because Davao City had above 
average rainfall during this period. 
Rainfall variation wi t hin the study area was determined by a 
number of rain gauges distributed throughout it in connection with 
erosion measurements. Readings were made at ten day or longer intervals 
over a nine month period . The location of these gauges is shown by the 
erosion plots in Figure 4. The total rainfall recorded at each gauge 
has been compared with the total recorded at the meteorological 
installation for the same period . The percentage differences calculated 
from these comparisons and the total annual rainfall that would have 
resulted from these differences are shown below: 
Table 2 
RAINFALL VARIATION WITHIN THE STUDY AREA 
Site Elevation 
(Erosion plot) 
C 
j 
i 
d 
875 m. 
1006 m. 
1036 m. 
1067 m. 
Days of 
comparison with 
met . install . 
261 
261 
299 
269 
% Difference 
from 
met . install . 
-13.28 
1 . 25 
+ 2 . 59 
+ 5 .32 
Appx . annual 
total at site 
364 cm . 
427 cm . 
433 cm . 
445 cm. 
These figures clearly indicate that, locally, rainfall increased with 
altitude and, at the highest site sampled (1235 m. ), was probably well 
above that recorded at the meteorological installation . This effect 
may, however, have been exaggerated by evaporation losses from the 
gauges for, although precautions were taken to minimise this, those at 
lower elevations, which were exposed to more insolation, may have lost 
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proportionately more than thos e at highe r elevations . While these rain-
fall differences throughout the area may, at first sight, s e em considerable 
they probably had little effect on the vegetation. Rainfall at the 
lowest site was sufficient to maintain moisture in the soil surface 
layers close to field capacity throughout most of the year and the 
excess moisture received at higher sites was superfluous and lost by 
percolation . Indeed , the only influence which this excess could have 
had on plants would have been the adverse effects of soil waterlogging 
which was unlikely on the steep slopes and well drained soils of the area. 
To assess how close to the post -war average were the year's 
records , paired comparisons of monthly totals similar to those made for 
temperatures, were made between Gumate and Davao City . In this instance 
within- group variation was sufficient to permit the calculation of 
correlation coefficients . For the spatial correlation between Davao 
City and Gumate 1 r 1 equalled 0.56 and for the temporal correlation at 
Davao City 1 r 1 equalled 0.13 . Neither of these coefficients is 
significant at the 5 per cent level of probability although there seems 
to be more spatial correlation than temporal. This unexpectedly low 
coefficient for the Davao City : Gumate comparison suggests that rain -
fall mechanisms in the two areas, although only 25 km . apart, were 
somewhat different and inspection of the two regimes (Figures 2 and 5) 
reveals some distinct anomalies . July and November were average to wet 
months at Davao City whilst at Gumate they were the driest months of 
the year . Conversely, September was a dry month at Davao City while 
at Gumate it was one of the wettest of the year. Thes e differences 
emphasize that the records taken at Davao City were only crudely 
indicative of the rainfall at Gumate. The year's rainfall r~gime at 
Davao City diverged considerably from the post - war average . However, 
both annual rainfall totals and the annual regimes have differed greatly 
from their averages throughout the post - war period . Variation in 
annual totals during this period is shown in Figure 3, and in Table 3 
an attempt has been made to measure the variation in annual regimes. 
The standard deviations of totals for given months of the year during 
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the post-war period are listed together with the standard deviation of 
monthly totals throughout the average year . Without exception , the 
monthly variations have been greater than the average annual seasonality. 
Th i s indicates that any single year ' s rainfall records taken in the 
region will tend to be well removed from the average in terms of both 
/ 
the annual total and the regime . Extrapolating, the same conclusion 
can be t en tatively drawn for Gumate. In this area, however, it is 
possible tha t all r ainfall variation that takes place is above a 
minimum threshold value ade quate to maintain soil moisture in a 
condition near - optimum for plant growth at all times. 
Table 3 
MONTHLY VARIATION IN RAINFALL AT DAVAO CITY 
DURING THE POST-WAR PERIOD 
Month 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
Standard deviation 
of rainfall (cm . ) 
6.87 
7 . 26 
4 . 94 
5 . 29 
6 . 39 
5 . 19 
8 . 76 
6 . 02 
6 . 33 
5 . 98 
5 . 63 
6.12 
Standard deviation of monthly totals during the 
average post -war year 3.87 cm. 
Soil Moisture 
If the year ' s climatological records are taken as representative, 
Gumate is characterised by surface soil moisture conditions that are 
near - ideal for plant growth under all cover types throughout most of 
the year . In Appendix II are listed individual measurements of moisture 
tensions in the upper 5 cm . of the soil made during the year (for 
h d Ch 3) These tensions represent measuremen ts made at met o s see apter . 
1O- day intervals at a number of fixed sites and a number of daily 
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measurements made at 10 points within each stand sampled. Moisture 
conditions fluctuated about field capacity with individual readings 
varying from saturation immediately after a shower of rain to several 
hundreds of centimetres of tension during dry spells . Of the 1094 
measurements made only nine were of over 500 cm . tension and of these 
only four were over 1000 cm . Of these four, three were at a site 
thoroughly impregnated with tree fern roots and it was there that the only 
tensions grea t er than wilting point (12500 cm . approximately) were made . 
Soil Temperature 
Soil surface temperatures were recorded at similar times and 
positions as moisture tensions and are tabulated in Appendix III . The 
accuracy of these figures is questionable as they show a steady drift 
towar d higher temperatures throughout the ye ar suggesting some 
progressive fault in the measuring device (probably rapid ageing of the 
thermistors) . For what they are worth these measurements indicate 
temperatures in the upper seventies and lower eighties (degrees 
Fahrenheit) that tended to be steady on a given site under a stable 
vegetation cover . Most short - term fluctuations appeared to be related 
to heavy showers of rain which, in many cases, were warmer than the soil 
and produced slight temperature rises of several days 1 du r ation . Diurnal 
fluctuations under a closed vegetation cover were negligible (Table 4) 
and it is probable that significant fluctuations only occurred in the 
soils of well - weeded fields . Only at the two sites in cultivated fields 
of rice and corn were considerable fluctuations observed in the general 
drift to higher temperatures . 
Table 4 
DIURNAL SURFACE SOIL TEMPERATURE FLUCTUATIONS 
IN TWO STANDS (°F . ) 
Time Stand 2 (10/3/65) Stand 8 (13/4/65) 
0900 71°F . _ oF . 
1000 71 77 
1100 73 77 
1200 71 77 
1300 71 77 
1400 71 77 
1500 71 77 
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As mentioned earlier, the gross morphology of Gumate soils 
closely resembled that of the Tugbok Clay series on the lower slopes 
of Mt Talomo . Because slopes were steeper the solum tended to be 
thinner and more stony but, in any save the most detailed soil survey, 
they would have been mapped as the same series. As with many tropical 
soils the lack of distinct horizon differentiation made description of 
profiles difficult and the r esults obtained of low accuracy . However, 
despite these difficulties, two separate series were distinguished in 
the area after many profi les had been examined . 1 These were both 
distinguished from Tugbok Clay by slightly lower pH's and coarser 
textures. They were separated on colour differences, Tagurano Clay 
Loam being somewhat redder than Gumate Clay Loam. These two series 
seemed to occur as a complex mosaic which, at the level of detail 
examined, showed no regular patterning. Field descriptions of these 
2 two series and of Tugbok Clay are given below. 
1 
The Seventh Approximation (United States Department of Agriculture 
1960, 26) lists two requirements for differentiation of a soil 
series: (1) ' ... that the properties used for differentiae are 
observable or can be inferred with reasonable assurance. For the 
most part such properties must be observable in the field . ', and 
(2) ' ... that the properties used have at least limited significance 
to soil genesis . 1 
2 
Descriptive techniques used are those of the United States Department 
of Agriculture (United States Department of Agriculture 1960, 1962). 
Soil colours were determined by comparison with Munsell Soil Colour 
Charts . 
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Gumate Clay Loam : 
Elevation 810 m., 70% N. facing slope . Rugged associated topography . 
Andesite parent material. Drainage apparently good . Vegetation; 
recently logged - over primary dipterocarp forest. Despite this logging 
the profile appears to be undis t urbed. 
0 1 cm. 
Al 0-8 cm . 
A3 8-3 6 cm . 
B2 36- 70 cm . 
B3 70-110 cm. 
C 110 cm. + 
Clear boundary . Contains both recognizable and 
decomposed organic material . 
10 YR 3/3 dark brown clay loam . No structure. 
pH 5 . 5 . Many roots of forest species . Diffuse 
boundary; 
10 YR 3/4 dark yellowish brown clay loam . No 
structure . pH 5 . 5 . Many roots . Diffuse boundary-; 
7.5 YR 3/2 dark brown clay. Massive structure. 
pH 5.5. Some small roots and yellowish brown 
weathered andesite pebbles . Diffuse boundary; 
10 YR 3/4 dark yellowish brown sandy clay loam . 
Massive structure . pH 5.5. No roots. Many partly 
weathered andesite pebbles. Diffuse boundary; 
10 YR 4/3 brown sandy clay loam. Massive structure. 
pH 5.0. No roots . The horizon consists of partly 
weathered andesite cobbles in a clay loam matrix . 
Tagurano Clay Loam: 
Elevation 910 m. 10% SE. facing slope. Andesite parent material. 
Vegetation ; mixed herbs of early regrowth. Good drainage. No 
apparent erosion . 
0 
Al 
A3 
Bl 
B2 
B3 
C 
0- 10 cm . 
10- 22 cm . 
22 - 57 cm . 
57 - 135 cm. 
135-172 cm. 
172 cm. + 
Some leaf litter . 
5 YR 3/4 dark r eddish brown clay loam . 
structure. pH 5.5 - 6.0 . Many roots. 
friable . Clear irregular boundary ; 
Medium crumb 
Soil very 
5 YR 4/4 reddish brown clay loam . Weak prismatic 
structure . pH 5 . 5 - 6 . 0. Many roots . Diffuse 
boundary; 
5 YR 3/4 dark r eddish brown clay . Massive structure . 
pH 6 . 0 . Some roots. Diffuse boundary; 
5 YR 3/4 dark reddish brown clay . Massive structure. 
pH 6 . 0 . No roots . Diffuse boundary; 
5 YR 3/4 dark reddish brown clay . Massive structure . 
pH 5 .5 - 6.0 . No roots . Diffuse boundary; 
5 YR 3/4 dark reddish brown clay loam. Massive 
structure . pH 5 . 5 - 6.0. Many black (5 YR 2/1) 
cobbles weathering to strong brown (7.5 YR 5/8) 
colours . 
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Tugbok Clay : 
Elevation 300 m. E . facing 10% slope . Parent material appears to be a 
volcanic breccia. Vegetation; Imperata cylindrica grassland. The 
profile described is on a convex slope at the edge of a deep gully. 
Erosion, therefore, probably has been considerable and drainage is very 
good . 
0 Some scattered litter, mainly Imperata leaves . 
Al 0- 12 cm. 5 YR 3/3 dark reddish brown clay loam . Medium 
granular structure . pH 6 . 5. Many Imperata rhizomes 
and roots . Gradual boundary . This horizon is only 
very slightly darker than the underlying layer. 
A3 12 - 45 cm. 10 YR 3/3 dark brown clay loam . Coarse angular 
blocky structure . pH 6 . 0 . Some Imperata rhizomes 
and roots . Diffuse boundary . 
B2 45 - 78 cm . 10 YR 4/3 brown clay . Coarse angular blocky 
structure . pH 6 . 0 . Some few roots . Clear boundary. 
B3 78 - 120 cm . 7 . 5 YR 4/4 brown clay loam. Medium sub - angular 
blocky structure . pH 6 . 0 . Diffuse boundary . Some 
yellowish decomposing pebbles present . 
C 120- 170 cm. 10 YR 4/4 dark yellowish brown gravelly clay loam . 
R 170 cm.+ 
Massive structure . pH 6.0. Clear boundary. 
Weathering pebbles give an appearance of granular 
structure . 
Bedrock. 
The predominant colours in all profiles were dark browns and dark 
reddish browns, diffuse boundaries were usual, and pH was usually 
somewhat acid becoming more so with depth . However, results to be 
presented in Chapter 5 demonstrate that pH of the surface soil varied 
with cover, being lowest under forest and highest unde r grassland, and 
this probably accounts for the higher pH ' s in the Tugbok series which 
had long since lost its forest cover . 
Detailed chemical and textural analyses were performed on 
samples taken from profiles representative of these two series . As 
interest was centred on p lant nutrition, samples were taken at regular 
depths rather than by horizons . These were at 0- 5 cm . , 5-20 cm., 
20 - 50 cm . , 50 - 80 cm . and 80- 110 cm . depths with one at 110- 140 cm . in 
the deeper profile . The first profile, Tagurano Clay Loam, was located 
in undisturbed dipterocarp forest near to stand 5 on a slope of 
approximately 45 per cent . The second profile, Gumate Clay Loam, was 
located in an undisturbed portion of logged - over forest several hundred 
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metres upslope of stand 9 on a slope approximating 30 per cent . 
The sand : silt : clay fractions of these profiles have been 
plotted diagramatically in Figure 6 and the measured textures, including 
coarse fractions, tabulated in Appendix IV. 1 Textures were all some-
what coarser than those estimated in the field and it is probable 
that the Tugbok series, if analysed, would be found to contain coarser 
textures than those assigned to it by the field survey . The textures 
of the two profiles were distinctly different. In the Gumate profile 
the sand percentage was constant throughout most of its depth. Likewise 
the silt fraction was fairly constant throughout the profile and only 
a slight decline occurred at depth . The clay fraction showed greatest 
proportionate variation, being below 10 per cent at 50 cm. but 
increasing to double this proportion at greater depth suggesting 
considerable clay eluviation and justifying the designation of an A-B 
sequum in the field descriptions. The Tagurano profile, by contrast, 
was apparently of two-layered structure. Only in the surface layer 
was the sand percentage comparable to that of the Gumate profile and 
at greater depth dropped to below 12 per cent . It rose again to 
36 per cent, however, at a depth of 1 m. in what was a lithologically 
distinct horizon . Clay and silt fractions showed a converse variation 
with a marked increase in the subsoil followed by a reduction at 110 cm . 
There therefore seems to have been a sequence of weathering and 
eluviation in the upper part of the profile which had, at some time in 
the past, been deposited on the lower stratum . This sequence may, 
however, be the result of differential sorting of the smaller fractions 
during deposition of the upper layer if this were a slow slope-wash 
process . Conversely, the movement may have been an en masse rotational 
slipping or the product of tree throw . A final interesting point was 
the close correspondence, in coarser fractions, between the lowest 
Tagurano layer and the Gumate surface horizon suggesting that, had the 
former profile been dug deeper, a second sequum, similar to the Gumate 
1 Fractional separation is that of the United States Department of 
Agriculture : Clay, < 2JJ'; silt, 2- 50/ sand soy - 2 mm . 
Figure 6 
Textural and chemical characteristics of two representative 
soil profiles in the study area. 
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profile , might have been uncovered . The results of the chemical 
analyses given below support this hypothesis . 
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Profile chemical characteristics are tabulated in Appendix IV 
and portrayed graphically in Figure 6 . Per cent carbon and nitrogen 
showed the same pattern of distribution in both profiles . However, the 
proportionately low carbon content and high nitrogen content in the 
Gumate surface soil led to an extremely low carbon/nitrogen ratio and 
was possibly the r esult of r apid decomposition of organic matter under 
t he recently logged forest . Cation exchange capacity (CEC) represents 
the combined adsorptive properties of the clay and organic matter 
colloids, with the latter acting as main adsorber in the surface horizon 
and the former being dominant in this capacity at depth . Neither 
p r of i le showed exceptional cation exchange capacity characteristics and 
the relatively low figure in the 20-50 cm. Gumate horizon represents an 
inte r mediate zone where neither clay nor organic matter was abundant . 
The Gumate profile was ma r kedly deficient in exchangeable magnesium 
while other elements had an irregular distribution throughout the 
profile and phosphorus was remarkably high in the subsoil. In the 
Tagurano profile the distinct bi - polar distribution of the exchangeable 
cations and phosphorus was an exceptional feature, and the abundance 
of these elements in the lowest layer is further evidence that this was 
once a surface soil . The persistence of these nutrients in an adsorbed 
state at this depth and the lack of humus in this layer may be explained 
in either of two ways : (a) the horizon may have been buried for a 
sufficient period to permi t breakdown and disappearance of humus but 
not nutrients or, (b) the layer enrichment was not due to vegetation 
but to some other factor such as an ancient ash shower . In either case 
the persistence of these nut r ien t s in an area where water percolation 
must be excessive i s r emarkable . It contradicts the often repeated, 
but unproven, assumption that nutrient leaching is always rapid under 
humid t ro p ical conditions . Nye and Greenland (1960) have recently 
contested this same assumption arguing that cation leaching in neutral 
to slightly ac i d soils is largely a reflection of nitrate concentration 
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in the soil solution provided that through-percolation is taking place. 
Soil pH's (mean of the H2o and KCl methods) varied from 4.3 to 5.2 in 
the Gumate profile and between 4.4 and 5.0 in the Tagurano profile; the 
main difference was in surface acidities, Gumate having had a somewhat 
more acid surface horizon. 
It is appropriate to conclude this description of the study 
area soils with an assessment of their relative fertility on a world 
scale . A recent trend in much scientific writing (e.g . Gourou 1953), 
and one which is doubtless a reaction to the popular myth of tropical 
soil fertility, has been to emphasize the low potential of these soils 
for plant growth. However, although extremely infertile latosols or 
ultisols do cover wide areas of the tropics, a range of fertilities is 
the rule in tropical soils . The two profiles described had above average 
cation exchange capacities and, although base saturations were low, 
cations, with the excep tion of magnesium in the Gumate profile, were 
appreciable. Carbon and nitrogen contents were extremely high. 
Phosphorus content showed considerable variation but only in the Tagurano 
profile did it fall below 20 parts per million, the usually accepted 
upper limit of 1 low' values. 
To draw conclusions about the soils of Gumate having sampled 
only two profiles is difficult if not unjustified . It may be emphasized, 
however, that field description indicated little variation in soil type 
throughout the area and considerable differences between the two sample 
profiles were only revealed by detailed analyses. The tentative 
conclusion must therefore be drawn that, on the basis of the limited 
evidence available, great variation within short distances must have 
existed in the local soils despite their apparent homogeneity. Further 
evidence of this variation, and the lack of correlation between it and 
vegetation, will be demonstrated in Chapter 5. 
To conclude, the study area may be said to have possessed 
environmental conditions that were very favourable to plant growth . 
Solar energy and moisture resources were abundant throughout the year 
and soil fertili t y , with a few exceptions, was high. The uniformity of 
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these conditions within the study area was less than had originally 
been hoped when the study was initiated. However, while soil fertility 
and minimum air tempe ratures exhibited complex local variation , all other 
factor s showed a general trend correlated with elevation and their 
effects on the secondary vegetation can, therefore, if necessary be 
allowed for by using this variable. Because of the low seasonal 
variation in t r opical air temperatures the year's observations of this 
factor at Gumate were probably representative of conditions over longer 
periods . Rainfall variability in the region, of both the annual total 
received and its seasona lity, is such that any single year's observations 
will tend to diverge greatly from the average . Although the large 
amount received annually and the high moisture storage capacity of the 
clayey soil make the occurrence of a severe drought in the study area 
seem unlikely , it must be conceived possible that some features of the 
secondary vegetation may have had their origin in an exceptional dry 
spell during the post - war period. 
Primary Forest 
Forest which local informants claimed had never been cleared 
and which showed no visible signs of disturbance, was assumed to be 
virgin . The possibility of pre -European disturbance of these forests 
existed but, for reasons already recount ed, this seemed unlikely . The 
following description of the forest is based on a detailed sample of 
450 sq . m. (stand 13) supplemented by general observations from all 
parts of the forest visited . Throughout the area primary forest 
remnants were of the evergreen dipterocarp forest type and it is assumed 
that the sites of all regrowth stands sampled were originally covered 
by this . 
Structure 
The height of the main forest canopy varied greatly and a zone 
of maximum crown density may be a more appropriate designation for this 
feature . In stand 13 the main densit y occurred at about 20 m. while 
emergent trees protruded to about 40 m. In nearby logged - over forest 
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the measurement of 32 haphazardly selected trees gave heights ranging 
from 19 to 45 m. with a mean of 32 m. Beneath the canopy trees of all 
heights existed and no obvious layering was presen t . The density of 
trees over 3 m. in height in stand 13 averaged one tree every 0.69 sq . m. 
with a size frequency distribution shown in Figure 7. Most trees were 
1 in weight classes of under 100 kg. While some of the species present 
in these lowest weight classes did not also occur in larger classes, 
indicating maturity at this size, others also occurred as large 
individuals and must therefore, have been juvenile forms of eventual 
canopy trees . The two largest trees, neither of which were relicts, 
were emergents and, surprisingly, both were in the same 25 sq.m. quadrat. 
Consequently, although they together comprised 94 per cent of the total 
sample weight, their physiological control over the community was far 
less than sheer size would suggest. Throughout the forest, large 
individuals such as these were widely scattered and only in the few 
places where several congregated into a grove could their control over 
the community have been commensurate with their size . It thus seems 
that in the sampled stand control over the community was exercised by 
the medium sized, canopy- forming, trees rather than the large emergents. 
It seems improbable, however, that such control by a single size class 
is a permanent feature of so small a forest area for, while some of 
these trees such as Astryocalyx calycina had attained their maximum 
size, others, such as cf. Shorea almon, were not yet fully developed 
and may have eventually formed an 'emergent - dominated' stand. The size 
class of current physiological controllers (or dominants in the loose 
sense) at any small site, therefore, depended upon the combined effects 
of the tree species present, their relative abundances, and maturities . 
Vegetation stratification was assessed by sampling above - ground 
material in the separate layers of <70 cm., 70 - 300 cm . and 
2 
> 300 cm . 
Average fresh plant weight per square metre of ground area in these three 
2 1 This represents a basal area at chest height of 130 cm. or a diameter 
of 12.8 cm. (see page 55 ). 
2 Methods of sampling will be described in the following chapter. 
Figure 7 
Frequency distribution of tree sizes in the primary forest 
stand sample . 
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layers in stand 13 was 0 . 141 kg. in the lowest, or ' ground ' , layer, 
0 . 739 kg. in the intermediate layer and 1119.575 kg . in the tree layer 
or 'overstorey '. Great quadrat - to-quadrat variation was eviden t in all 
layers and, whilst this would be expected in the tree layer because 
25 sq . m. is well below the area occupied by a large tree, its occurrence 
in the undergrowth (layers under 3 m. ) was surprising . A tree fall in 
quadrat 15 accounted for the high density of intermediate layer 
vegetat i on there but in the remainder of the sample un- explainable 
variation existed . This marked patchiness in undergrowth, despite its 
overall sparsity, was a significant feature throughout the forest . 
Although not sampled, large climbers and tree epiphytes were a prominent 
feature of the forest . Among the climbers rattans (Daemonorops spp . ) 
and Freycinetia spp . were most common . Epiphytic ferns and mosses were 
abundant and showed considerable host preferences. 
Floris tics 
The forests at Gumate exhibited the floristic complexity 
common in tropical vegetation . Eighteen different tree species over 
3 m. tall were counted in the 450 sq.m . sample while in the 18 sq . m. 
undergrowth sample no less than 81 species were counted with heights 
below 300 cm . 
The largest tree, and most common emergent in the se forests, 
was the commercially valuable 'white lauaan ' (cf . Shorea almon). Other 
smaller emergents were 'red lauaan' (Shorea sp . ) and ' tangile' 
(Shorea cf. polysperma) both of which were also logged . Some oaks 
(Lithocarpus spp . ) also attained emergent status when mature. A 
greater variety of species was found among the smaller trees that composed 
most of the forest canopy . Species of Lithocarpus spp . were common, 
five being distinguished although more probably existed . The melastome 
Astryocalyx calycina was also a prominent member of this class, its 
many small trunk shoots being distinctive amongst the clean boles of the 
other trees . Other common tree species of this size were Lasianthus sp . , 
Clethra cf. canescens, Ficus sp . and a spec ies of Loganiace ae . In stand 
13, of the fourteen trees included in the 100- 10000 kg . class that 
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approximates the canopy trees, five were Astryocalyx calycina, three 
of a species of Loganiacese and two of cf . Shorea almon. The smallest 
forest trees (those over 3 m. in height but weighing less than 100 kg . ) 
were floristically more divers e including some immature individuals of 
larger trees but also many specie s which were mature at this size. 
Prominent among the latter group were tree ferns (Cyathea contaminans 
and C. elmeri ) and Saurauia sp . whose special ecological role will be 
considered below . Palms (other than rattans) and pandans were 
numerically insignificant although visually prominent . Of the 50 trees 
counted in this smallest size class, eleven were immature individuals 
of larger trees, sixteen were Saurauia sp., nine were tree ferns and two 
were softwood secondary regrowth species . 
The forest undergrowth was extremely complex floristically . 
In stand 13, herbs made up 35 per cent of fresh weight of this layer, 
ferns (other than tree ferns) 22 per cent and vines 16 per cent . Of 
the remainder, 26 per cent was tree or tree fern seedlings and 2 per 
cent small woody plants . The most prominent herb was Elatostema sp . 
which, although congregating into dense thickets at intervals, was also 
of high frequency . In stand 13 it occurred in 16 of the 18 quadrats 
and made up a greater proportion of the undergrowth (33 per cent) than 
any other species . Selaginella sp. is a second frequent species that 
locally formed dense thickets . Ferns , notably Athyrium sp. and Indet . 
(1780), were widespread. Deamonorops spp . and Freycinetia sp. were 
both frequent and of large mass in the undergrowth. Deamonorops spp . 
occurred in six of the eighteen quadrats and made up 8.5 per cent of 
undergrowth weight while Freycinetia sp . occurred in eight quadrats and 
made up 2 . 4 per cent of the undergrowth weight. 
Sixteen per cent (by fresh weight) of the forest undergrowth in 
stand 13 was made up of tree seedlings and 10 per cent of juvenile tree 
ferns. Eight of the eighteen tree species counted in this stand were 
also found in juvenile form in the undergrowth and it the refore seemed 
that the forest was reproducing itself satisfactorily . Among these 
eight species there were seven co - occurrences of juvenile with mature 
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individuals in the same quadrat and, although the sample was too small 
from which to draw firm conclusions, it seems that many of the tree 
species were regenerating in situ and not cyclically. 
Stability 
Because of the absence of cyclones in this area, windthrow, 
either of individuals or groups of trees, is infrequent. When individual 
trees died they seemed to remain upright until most branches had fallen 
and the trunk was well decomposed after which they broke several feet 
above the ground and, in falling, did not greatly disturb the soil or 
the surrounding vegetation. 
Unless destroyed by the falling trunk, seedlings of the dead 
tree or some other canopy tree were present to mature in the gap formed. 
Whether this did in fact occur will be discussed in a later chapter and 
it is sufficient to note here that only an occasional second growth 
species, typical of large abandoned areas, was found in the se openings. 
In the tree-fall opening of stand 13 only one such tree had appeared. 
There are some species, however, which were typical of forest openings, 
amongst them Saurauia sp. The overwhelming proportion of the plants 
that fill ed these openings were tree ferns the abundant parent plants 
in the forest understorey apparently providing optimal sources for 
colonization. Long after the opening had been closed and the dead trunk 
decomposed, its site could be detected by a distinct line of tree ferns. 
Whether the crown gap was normally closed by a juvenile tree elongating 
rapidly or whether this was accomplished merely by an in- branching of 
the adjacent trees is unclear . My own casual observations led me to 
believe that the latter was the more common process . 
Micro - environment 
Only brief mention of the forest micro - environment will be made 
here because it is treated fully in Chapter 5 where the processes 
involved in its change are examined . Means and sub - sample records 
(where available) of the twenty factors measured are summarised in 
Appendix VI. (Methods used will be described in Chapter 3.) Radiation 
of all types, expressed as a percentage of that received externally, 
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was low . Daily maximum air temperatures measured at 20 cm. above the 
ground surface were well below those measured at the meteorological 
installation while the depression of daily minimum temperatures was some-
what less . Moisture in the soil surface layers (upper 5 cm . ) fluctuated 
about field capacity with a mean annual figure of 125 cm . tension and 
a mean deviation of 41 cm . tension . The average spatial instability of 
surface soil moisture was 36 cm . tension1 which was somewhat less than 
t hat measured i n most secondary vegetation . Surface soil temperatures 
were consistently in the mid and upper seventies (°F.) showing little 
spatial or temporal variation . The forest surface soil chemical 
properties were similar to those profile surface horizons already 
described . Carbon and nitrogen levels were markedly higher and pH 
lowe r than in the surface soil of secondary stands . 
An i mal inhabi t ants 
Deer and pig are the lar gest animals found in these forests. 
Both also enter regrowth, the deer being attracted by the abundant 
ground vegetation there . The influence that these animals had on the 
vegetat ion is unknown although pigs seemed to feed heavily on acorns 
and may have depressed oak germination . Likewise , feeding by deer may 
have inhibited seedling establishment of some species although no 
evidence of this was seen. Deer did seem to feed on the bark of some 
t r ees but this seldom caused serious damage . A species of tree - living 
cat was common and appeared to be responsible for the wide dissemination 
of coffee seeds . Monkeys were common and occasional squirrels were 
seen. No large snakes were seen although small individuals were common 
in the forest and regrowth . Leeches were abundant in all vegetation 
save that of cultivated fields . 
HUMAN OCCUPANCE 
Pre -war Period 
For reasons already discussed it is unlikely that there had 
1 
Based on a ten point, six day, sample . 
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been pre-colonial disturbance of the study area. Recent human occupance 
had been initiated by Japanese planters who established medium-sized 
abaca farms using local Bagobo and immigrant Visayan labour shortly 
before the second world war . Accounts of this period were obtained from 
local farmers who, as young men, had been employed on these farms . 
Unfortunately these accounts, although agreeing in general outline, 
contained conflicting details and the history of the highest cleared 
land, which included stand 12, is particularly obscure . 
Me thods of forest clearance could not be determined, but in 
view of the remote location and early date, manual labour must certainly 
have been used . It is probable that the largest trees were left 
unfelled because of the labour involved in cutting them for, although 
none of these remained standing in 1965, occasional large stumps which 
showed no signs of cutting were still scattered about the area, the 
lack of wood decomposition indicating that they were not dead prior to 
forest clearance. Furthermore, the premature death of such undamaged 
forest trees left standing in cultivated land was a universal phenomenon 
in the area . For example, in an abaca plantation near the house site 
that had been cleared from forest only ten years previously, trees left 
standing were moribund suggesting that any left during pre -war clearance 
would have been dead by 1965. The ecological importance of these forest 
remnants is difficult to assess. Whilst superficially they may seem 
to have been convenient seed sources during revegetation of the land 
those observed did not appear to be seeding prolifically if at all . 
Their effect in reducing soil erosion must have been minimal as they 
were too scattered to provide adequate soil cover. 
It seems likely that some burning of the cut vegetation had 
been attempted in order to clear the ground of debris and, probably . 
incidentally, to free nutrients from the dead vegetation . The abundant 
rainfall doubtless rendered this difficult and, if more recent burning 
activities were indicative, the total mass of vegetation consumed would 
have been small . Large branches and tree trunks on the ground would 
not have hindered the planting and cultivation of abaca greatly for this 
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involves no complete soil tillage . The absence of intensive burning 
may be ecologically important for it ensures the gradual release of 
nutrients with wood decomposition as the land is cultivated or 
revegetated . Abaca cultivation and harvesting on these Japanese 
plantations can scarcely have been mechanical as the rugged terrain 
and abundant tree trunks would have prohibited the use of tractors in 
the fields and the absence of large roads suggested that no machines 
had been used to transport the crop to processing sites. Regular 
cleaning of the abaca was probably done manually by groups of men and 
movement of the harvested fibre to the processing site accomplished by 
buffalo-drawn sled, a common conveyance still widely used in the 
archipelago. 
At the outbreak of war the local agricultural landscape must 
have comprised a small number of Japanese - operated plantations (probably 
three), with centralised housing and processing units, that were still 
extending their boundaries up - slope into uncleared forest. The land 
already cleared was probably covered by decomposing tree trunks and 
branches among which young abaca had been planted . As this crop takes 
three years to mature, much of the land would have been harvested for 
only two years . Because of their relative newness the efficiency of 
these plantations must have been below that of their older counterparts 
at lower elevations and the techniques used on them relatively close to 
those now employed in the area . 
The oldest stands sampled dated from this pre -war clearance. 
Stands 11 and 12 had been reportedly cleared in 1938 but abandoned with-
out cultivation. Stand 12 posed a special problem for, while all other 
stands that were reported as secondary by local informants were clearly 
not virgin, this stand was indistinguishable from the surrounding 
forest. A second- hand report claimed that it had been cleared prior to 
the war and one informant said that when he first visited the site in 
1954 it had been covered by many small forest trees . While some 
evidence supported past clearance of the stand other eviden ce contra -
dicted this . In the first place the lower edge of the stand, albeit 
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indistinct, was a rough continuation of a farm boundary on the opposite 
valley side (Plates 2 and 3) suggesting that a surveyed boundary may 
have been present . Secondly, Japanese soldiers had lived for some time 
below this site where rusted pieces of equipment could still be found. 
This suggested that the site may have been a clearing . Thirdly, there 
was some evidence from aerial photographs (Plate 2) of a sudden reduction 
in tree height above the lower edge of the stand and sampling revealed 
that tree g i rth there was considerably lower than that in the forest 
stand. Contradictory evidence was that the stand was the highest sampled 
and so may merely have been mid - mountain forest from which large 
dipterocarps were naturally absent . Although forest with large 
dipterocarps occurred irrnnediately below this site , none was present 
above it and the common species cf . Shorea almon was not counted in any 
layer although Shorea cf . polysperma occurred in the tree layer. 
Micro - environmental conditions were generally more similar to those 
in regrowth than in high forest but these may have been more similar 
to those of virgin mid - mountain forest. Despite this conflicting 
evidence, it was decided to sample and treat the stand as regrowth, 
interpreting the results with caution . 
Stand 14 had been the site of a former plantation house and 
abaca processing shed established in 1938 and maintained for approximately 
three years . A number of other stands were also first cleared at this 
time although later re - cleared after the war . Sites 15 and 16 had 
probably been first cleared in 1936 and undergone five years of abaca 
cropping before the outbreak of war while stands 4, 7 and 10 had 
probably been cleared in 1938 and cultivated to abaca for a few years 
(Table 5). 
War - time Occupance 
No clear picture of war - time occupance of the area could be 
obtained and, while disruption of the abaca plantations certainly 
occurred at its close, their status during the four war years is 
uncertain . In the absence of definite evidence it has been assumed that 
abaca cultivation was suspended at the outbreak of war in 1941 . Towards 
Plate 3 
External vie'N of stand 12 taken from the opposite 
valley side . The probable eastern (lower) edge of 
the stand runs from the centre foreground to the ridge 
top at left centre . 
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the close of the war, during Allied re - occupation of Mindanao, Gumate 
became a refuge for Japanese soldiers and scattered pieces of equipment 
could still be found as evidence of this occupation . These soldiers 
reportedly grew some food crops but the location of their fields was 
inexact and their size probably small : two informants said that stands 
had been used in this way, one claiming that it had been cleared from 
forest at this time and the other that it had been part of a pre -war 
plan t ation . The second report seems more likely to be correct . 
Post -war Period 
The breakup of Japanese plantations to form peasant farms that 
took place throughout the Philippines after the war also occurred in 
Gumate and many peasant farmers who had formerly been labourers on the 
plantations, established themselves here . The smaller farms were 
apparently established by squatters' rights and the larger units, 
usually owned by absentee landlards, were established by weight of 
influence with the appropriate government agency . As the pre -war abaca 
fields had been abandoned for, at the most, five years they would only 
have been covered by softwood regrwoth trees with abaca still prominent 
amongst them and so have posed few clearance problems to the new settlers. 
All remaining abaca was over - harvested immediately to obtain a quick 
cash return and the regrowth rapidly cleared to establish rights of 
ownership . During this latter operation some small patches of high 
forest were also cleared . Only part of the land so cleared was used 
intensively and the remainder, covered by remnants of the over - harvested 
abaca, relinquished to regrowth . Major clearance of the high forest 
was not undertaken until the mid - 1950 1 s when again excessive areas were 
cleared to establish ownership rights . Techniques used were similar 
to those already described with the large trees left standing and the 
debris of smaller trees partially burned . 
The economy in 1965 was a mixture of cash and subsistence 
cropping . Mechanization, apart from small kerosene - fueled fibre 
stripping machines, was totally absent . Farm un it s were of three types; 
two large absentee - owned farms were involved wholly in the cash cropping 
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of abaca and coffee while the smaller owner-operated farms were organized 
on a part cash crop, part subsistence crop, pattern. Cash crops were 
abaca, coffee and bananas while maize, upland rice and some sweet potatoes 
formed the main food crops that supplemented purchased food. The third 
group was that of tenant farmers who were mainly subsistence farmers but 
were forced by their landlords to grow some cash crops . Agricultural 
techniques were poor among them and there was a high turn- over rate of 
tenancies. 
While some banana, coffee and abaca trees were scattered through 
fields of subsistence crops, these provided only a small proportion of 
the total cash income and inter - planting of cash and food crops was 
infrequent. It was cormnon, however, to plant some abaca in a food crop 
field before abandoning it because this plant is able to persist in 
early second growth and provides an emergency cash crop to be harvested 
in time of economic hardship . This practice provided an unfortunate 
nuisance variable in this study which proved impossible to quantify. 
Most cash crops were grown on a permanent basis and only abandoned under 
economic stress such as low prices, shortage of cheap labour or lack of 
marketing facilities . In addition, some overaged coffee crops had been 
abandoned as the farmers were unaware that these could be rejuvenated 
by pruning. Food cropping was of two types . On flatter land food crops 
were grown almost continuously for here a buffalo and plough could be 
used to control cogon grass (Imperata cylindrica) and soil fertility 
had not yet declined to the point of forcing land abandonment. Fallow 
periods, consequently, seldom exceeded one year. On steep slopes 
emergency food crops were grown at irregular intervals using shifting 
cultivation methods of ' s lash and burn' and dibble planting . These 
fields were abandoned when economic hardship was past, often after only 
a single crop had been raised on them . It seems certain, however, 
that, were cropping to have continued for several years, the entry of 
cogon grass and the inability of the farmers to control it with a plough 
on these steep slopes would have forced abandonment . 
Most of the regrowth stands sampled were abandoned after 
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agricultural activities in the post-war period . Stands 3, 8 and 9 were 
cleared from forest and abandoned after only a brief period of cash 
cropping . Stands 4, 7, 10, 15 and 16 were cleared from regrowth after 
the war and abandoned after varied degrees of usage (Table 5). 
Logging 
The area had been logged twice since the war and, although of 
brief duration, this activity had left a significant imprint upon the 
vegetation. In the mid- 1950's portions of forest both north and south 
of Gumate Creek were logged , while in 1963 and 1964 more extensive 
logging was undertaken around the house site the extent of which can be 
readily seen in Plate 1 . Shortly before field work was concluded 
logging of the remaining dipterocarp forest south of Gumate Creek was 
begun . 
Only large individuals of the three common dipterocarp species 
were extracted (cf. Shorea almon, ~- cf. polysperma and~ - sp.). The 
logging was uncontrolled by any government agency and the logger, 
aiming for maximum returns in a minimum time, wreaked havoc among the 
immature trees . The selected trees were felled without topping and 
caused severe damage to immature neighbours while movement of the bole 
to a trucking site was by dragging, frequently directly up or down slope, 
with a bulldozer or from a spar pole . Both procedures produced excessive 
disturbance of the surface soil and remaining tree roots and in many 
cases runoff streams cut their channels to bedrock in the drag trails 
within a few months. Logging roads also underwent severe erosion 
shortly after they were abandoned . 
Clearly the disturbance wrought by loggers was directly 
proportional to the number of commercially valuable trees on a site . 
On a small scale disturbance was greatest along roads and especially 
near spar poles and loading decks where all trees were removed. At a 
larger scale, disturbance was only uniform over relatively large areas 
making the selection of uniformly- disturbed stands of a suitable size 
difficult. The two stands selected were not, therefore, representative 
of overall conditions. The first, stand 17, was taken as representative 
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of a piece of forest that had undergone a moderate degree of logging. 
Several large trees had been removed but a greater number of smaller 
individuals remained standing . Stand 18 was located at an old spar 
pole site and represented an area stripped of forest but abandoned 
without burning or cultivation. Both stands were abandoned about one 
year before sampling . 
A table showing the history of disturbance to each stand, as 
accurately as could be determined from local reports, is presented in 
Table 5. 
Stand 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
1935 
CpB a 
CpB a 
1940 1945 1950 1955 1960 1965 
CpB-----------------------------------------CB,rca--- -----
CpB-----------------------------------------C ------------
CpB----------------- -----
CpB a a--- -------- C a -------------------------------------------------------
C? --------CpB f f ------------------------------------------------------------- -
CBd+a- ------------------
CpB CpB a a a a a a a a a a-------------------- --
CpB----------------------------------------------------- -
CpB------------------------------------------------- -----
CpB a a------------- C ----------------------------------- - --------- ---- -----
CpB------------------------------------------------------------------------------ -
CpB-------------------------------------------------------------------------------
C h h h -----------------------------------------------------------------------
a a a a- -----------------------------CpB a re ---- -- ------------B- ------------
a a a a ------------------------- - --------------------CpB----------------------
C, Cleared 
B, Burned 
CpB, Cleared and probably burned 
L, Se lectively logged 
r, Rice (upland) 
c, Corn (Maize ) 
d, Coffee 
a, Abaca 
h , House site 
f, Other food crops 
1 
C ---
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2 .5 
7 . 0 
19.0 
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6 . 5 
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n 
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CHAPTER 2 
SAMPLING THE VEGETATION 
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The basic aim of sampling the vegetation was to gather data on 
the performance of all species in the regrowth stands with a view to 
examining the process of vegetation development or plant succession. In 
addition, complete and comparable species lists of stands were sought, 
as well as some suitable measure of gross stand structure. 
MEASURES OF SPECIES PERFORMANCE 
The examination of plant succession required that a distinction 
be made between supposedly influenced and supposedly influencing plants 
in each stand. As the performance of the 'influenced' plants was to be 
related to their micro - environments, as the effects of inter-specific 
competition among these 'influenced' plants was to be avoided and as 
only a limited number of instruments for measuring the micro - environment 
were available, a low limit was set on the maximum size of 'influenced' 
plants in the stand . 70 cm. was chosen as the maximum height of 
'influenced' plants because this was the level of the receiving surfaces 
of the actinographs used for measuring insolation (see Chapter 3 for 
details). All plants under 70 cm . in height were sampled as 'influenced' 
plants and those over 70 cm . as 'influencing' plants. For convenience, 
the 'influenced' plants in any stand will hereafter be called its ground 
layer . The performance of these ground layer plants was measured by 
their presence and frequency of occurrence within the sampled stands 
(Chapter 4) . 
For 'influencing ' plants a suitable measure of performance was 
sought in order to express their interference with, or control over, 
the micro - environment beneath them. As a wide range of micro -
environmental conditions, including both soil and atmospheric factors, 
was being considered, a restricted measure of a plant's performance, 
such as its cover or basal area, was rejected as inappropriate . Instead, 
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the fresh weight of above - ground material of plants over 70 cm. in 
height was selected as a measure of the 1 influencing ' status of a 
species in any stand . It was thought that this provided a good measure 
of the ability of a species to interfere with the atmospheric conditions 
of temperature and radiation as well as its ability to influence the 
chemical and hydrological status of the surface soil . It was, moreover , 
a value tha t could be applied to all growth forms, that could be treated 
ari thmetically, pe r mitting the consideration of species separately, as 
gr oups, or as structural features, and had the added advantage of being 
a precise quantitative value that was readily measurable in the field 
by direct weighing or by estimations using the trunk dimensions of trees . 
In sampling, these supposedly 'influencing' plants were separated into 
those under a height of 300 cm . and those above it . This was to enable 
an assessment to be made of the separate influence of the smaller plants, 
mainly herbs, that occasionally formed dense thickets over 70 cm . but 
under 300 cm. in height. The performance of the 1 influencing 1 vegetation 
was, therefore , measured by the weight of above ground material of plants 
70 - 300 cm . and over 300 cm . high . Individual plants in one or both 
layers were allotted to their species, which, in turn , could be grouped 
into particular species combinations or , in total, into structural units . 
For convenience , plants of 70 - 300 cm . height are hereafter termed the 
intermediate layer of a stand, and those over 300 cm . height, the stand 
overstorey . 
The total contribution of each species to the stand was 
determined as the sum of the fresh weights of all individuals of that 
species from the three layers recognized . Overall stand mass was 
estimated as the sum of total above - ground fresh weights for all the 
plants in the stand, and was used as a measure of gross stand structure . 
DESIGN OF QUADRATS 
Because plants in the 'influencing ' layers were usually much 
bigger than those i n the ground layer, the size of plot appropriate to 
sampling the latter was not suitable for sampling the former . 
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Consequently, it was necessary to use at least two sizes of sample plot 
and to subdivide each into equal numbers of quadrats that could be 
located in pairs throughout the stand to ensure that the influencing : 
influenced relationship was always assessed . 
For convenience , a quadrat size of 1 sq . m. was selected for 
sampling the ground (or ' influenced ') layer . Plants of the intermediate 
and ove r storey layers which influence the micro - environment of such a 
quadr a t may be t hought of as arranged in and around it . The quadrat 
size with which to sample these layers posed a basic problem . For the 
intermediate layer the ident ical 1 sq .m. quadrat was used , while for the 
overstorey, a 25 sq . m. quadrat, arranged concentrically about this, was 
selected . This latter size was thought adequate to sample the overstorey 
in most stands where the trees were relatively small and of high density . 
A somewhat larger overstorey quadrat would have provided a better sample 
in the four stands where trees were larger and of lower density but, as 
a variety of quadrat sizes would have made the comparison of results 
difficult , a fixed size was adopted. Ideally, the shape of these two 
concentric quadrats should have been ci r cular but the difficulty of 
laying out such a shape in the dense undergrowth of most stands 
necessitated the use of a simple shape for which reason squares were 
chosen (Figur e 8). 
The inclusion of a plan t or part of a plant in a quadrat count 
may be on the basis of its being rooted in the quadrat or occupying a 
given air space above it . In the overstorey, the rooted - in criterion 
was used, because tree weights were being estimated from trunk basal 
areas . Plants so sampled are shown in Figure 8, banded about the trunk . 
In the two lower layers, the complex growth form of many plants made 
the application of a rooted - in criterion difficult and, consequently, 
the occupation of air space above the quadrat was adopted as the counting 
criterion . In the ground layer , parts of plants which were under 70 cm . 
in height and which covered any portion of the 1 sq . m. quadrat were 
counted and weighed . In the intermediate layer , parts of plants that 
were 70- 300 cm . in height and which covered the same 1 sq .m. quadrat were 
Figure 8 
Dimensions of the sampling quad.rats used and the criteria for 
counting plants in these . 
D Ground /oy•r Sompl• 
D /nt•rm•dlof• /oy•r Sompl• 
~ Ov•r$lor•y Sompl• 
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~ m. 
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counted and weighed . In addition, if such intermediate layer plants 
were also rooted in the quadrat, their total weight was measured. The 
way in which the se techniques were applied in the field is illustrated 
in Figure 8 where thos e plant parts weighed as part of the ground layer 
are coloured green and thos e weighed as intermediate layer are coloured 
red. 
The sampling of climbers and epiphytes posed a special problem. 
In the ground and intermediate layers, where cover was the sampling 
criterion and in which all plant material could be reached easily, 
thes e life forms were samp led . Howeve r, large climbers and epiphytes, 
whose foliage occurred in the overstorey , were not sampled because no 
suitable technique could be devised to accomplish this satisfactorily 
in the time available. Although epiphytes were conunon in the forest, 
large vines, with the exception of rattans, were locally less prominent 
than most accounts of rain forest would l e ad one to s uspect. In the 
regrowth as well, also contrary to most accounts, and, indeed, to my 
own observations in low-altitude vegetation in Mindanao, ne ither life 
form was common . Because of this, the e rrors introduced by such an 
omission are not so great as they might have been in many other areas. 
Furthe rmore, Ogawa et al. (1965) report that, in Thai rain forests, 
total leaf weight of a stand (albeit on an oven - dry basis) per unit area 
is largely independent of large climbers, the leaf weight of a given 
tree being inversely proportional to the number and size of lianas 
supported by it . As tree weights in the present work were be ing 
estimated on the basis of liana- free sample trees, it fol lows that the 
estimates made probabl y gave a reasonably accurate measure of total 
leaf weight over unit area, although omitting the weight contributed 
by liana stems . 
QUADRAT LAYOUT 
The stands were selected on the base s of their internally 
uniform histories of disturbance and small size (page 4 ) . Stand 
boundaries, fortuitously, were usually readily recognizable by marked 
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structural and floristic discontinuities and the problem was, therefore , 
to locate the quadrats within these boundaries in such a way that the 
data obtained would be accurate and usable r epresentations of the 
vegetation, obtained with minimal effort . 
Ideally, the layout should have been random, enabling the 
assignment of statistical significances to the sample means obtained . 
This , however, would have involved a number of difficulties the most 
serious of which would have been the need for a plan of each stand . 
While these could have been made, using compass and level traverses, 
the time required was prohibi tive and aerial photographs, which could 
have been used as bases for such plans, were not flown until midway 
through the year ' s fieldwork . Even had such plans been available, 
however, the complex tangle of vegetation present in most stands would 
have made the precise location of quadrats difficult . Furthermore, 
because of a relatively low sampling intensity, environmental measure -
ments had to be made within quadrats and, as these measurements were 
to be made daily throughout the periods of observation in each stand, 
random dispersal of quadrats would have involved insuperable logistic 
problems. With a randomized plan abandoned, the problem became one of 
selecting a sufficiently unbiased systematic sample . A regularly 
spaced grid of quadrats overcame none of the logistic problems cited 
above and may, moreover, have coincided with a patterning of similar 
dimensions in the vegetation, producing a biased result . A single block 
of contiguous quadrats, although practicable, was theoretically 
undesirable as it would have restricted sampling to a single limited 
area within each stand . 
The use of one or more lines of contiguous quadrats overcame this 
difficulty, was easily laid out and, moreover, was unlikely to coincide 
with any scale of patterning in the vegetation. In addition, it permitted 
a crude assessment of overstorey patterning should this have become 
necessary1 . There were, moreover, indications that a long narrow sample 
1 Any pattern detection using data collected in this way would 
necessarily be limited to that occurring in the direction in which the 
transect ran . It would also be capable of detecting only pattern between 
the scales of the single quadrat and the longest length of any single 
transect . (See, for example, Greig- Smith 1961; Kershaw 1957.) 
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plot , which was what such a transect would, in fact, comprise, was the 
1 
most efficient sampling shape For example, Bormann (1953), after 
testing a variety of plot shapes in immature deciduous woodland in 
North America , concludes that sample plots of 4 x 140 m. and 10 x 140 m. 
give the most efficient sample of tree basal areas, provided the long 
axes of these plots cross any observed heterogeneities in the vegetation 
or environment . Likewise , Bauer (1943) finds a line transect to be the 
mos t efficient method of sampling chap~~ral vegetation, while comparable 
conclusions are drawn for other vegetation types by Pechanec and Stewart 
(1940) and Clapham (1932). It was therefore decided to adopt such a 
sample plot shape, placing individual quadrats end - to - end to form a 
belt transect which crossed maximum vegetation heterogeneity, observed 
or likely . As most vegetation heterogeneity in a regrowth stand is 
likely to be concentric in response to differing rates of immigration 
from the margins, and as maximum environmental heterogeneity is likely 
to be related to slope , the transects were aligned in each stand so as 
to cross both gradients, where possible at right angles . Where several 
vegetat i on types bordered the stand, the transect was aligned diagonally 
across the stand between these, attempting , where possible, to cross any 
slope at the same time . Where such transects crossed a stand before an 
ade quate (see section below) sample was obtained , further short transects 
were placed across otherwise un - sampled po r tions of the stand, usually 
at right angles t o the initial transect . Transects were placed so as to 
avoid sampling vegetation that was within 5 m. of the stand boundary and, 
where the latter was unclear, transects were kept well within the stand 
limits designated by local informants on the basis of their histories . 
To illustrate the application of these methods in the field, a sketch 
map of quadrat layouts in three adjacent stands (numbers 1, 2 and 8) is 
shown in Figure 9 . 
The main criticism of this sampling design is its lack of 
randomization which reduces the validity of the statistical probabilities 
1 Sampling efficiency is used here to describe the accura cy with which 
a sample of given size r epresents the population sampled . 
Figure 9 
Sketch map of the sample plot layouts used in stands 1 , 2 and 8 . 
/ Direction of slope 
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calculated in comparing the stands' vegetation and environments. The 
design was enforced in the field by the extraordinarily difficult working 
conditions of tropical regrowth vegetation . Bias in the exact siting of 
individual quadrats was avoided insofar as, once an initial transect 
direction and starting point had been selected, location of subsequent 
quadrats was fixed . 
SAMPLE SIZE 
As the aim of sampling was to derive a true representation of 
the stands' vegetation and, as this was to be used, in part, for 
comparative purposes, it was desirable to sample all stands with 
identical intensities. A sample of fixed total area was inappropriate 
because, although upper and lower limits of stand size were arbitrarily 
set, there was considerable variation within these limits . A sample 
constituting a fixed proportion of a stand's area was impracticable 
because of the difficulty of measuring such areas. It was, therefore, 
necessary to devise a method that ensured an adequate and equally 
representative sample from each stand. As the sample was to provide 
a floristic list, a species performance measure and an average plant 
mass per unit area, the criterion for an adequate sample could have 
been any one or all of these. The use of all three criteria was 
rejected as too difficult to apply in the field . As species performance 
and plant mass are partly dependent upon species present, while the 
reverse does not hold, it was decided to use the floristic criterion 
in recognizing a uniform sampling intensity. 
An extensive literature has developed on the relations between 
sample plot areas and species numbers (see, for example, Cain 1938; 
Drees 1954; Goodall 1952; Greig-Smith 1964; Hopkins 1958; Kershaw 
1964) . Much of this literature is concerned with the use of the 
species:area curve as a means of determining the minimal area occupied 
by floristically homogeneous (and supposedly integrated) vegetation 
units ('plant communities' in the loose sense). It is therefore 
emphasized that this relationship was used in this work solely to 
51 
determine an arbitrarily fixed, but uniformly applicable, point at which 
sampling returns ceased to be commensurate with the effort expended on 
data gathe r ing and that no assumptions about community areas were made. 
A commonly reported form of species : area curve for visually homogeneous 
vegetation is one in which species numbers increase rapidly with initial 
enlargement of the sample, the rate of increase thereafter showing a 
progressive decline . Whether this decline at large sample sizes continues 
t o be prog r essive or becomes linear is still not clear but, as such a 
sample size would have been considerably larger than any possible in 
this present work , the problem was irrelevant . The important aspect of 
the curve is that it illustrates a progressive decline in information 
obtained by a standard increase in sample size. The presence or absence 
of an inflexion and its position on this curve depends upon the scales 
of the two axes and cannot , therefore, be determined by inspection, so 
that to apply a ' diminishing returns' criterion to all curves of this 
type requires, as Cain (1938) points out, the fixing of a sampling 
intensity ratio of percentage species increase to percentage area increase . 
The method of applying this is important, however, and Cain ' s technique, 
which is also recommended by Oosting (1956), is incorrect . By his 
method the point of diminishing returns is determined retrospectively 
after sampling a large area, applying the selected sampling intensity 
ratio to the largest area sampled and the number of species it contains, 
and plotting the appropriate point . A line is drawn between this and 
the zero point on the graph and a line parallel to this, when tangent 
to the species : area curve, is supposed to indicate the point of 
diminishing returns . The slope of the sampling intensity line determined 
in this way is , however, directly dependent upon the initial size of 
the sample and is not objectively determined . Moreover, such a 
retrospective technique is of little use as a guide to sampling 
intensity as it requires an initial oversized sample . 
A more appropriate method and the one finally adopted, is to 
test periodically as the sample is enlarged to see whether a pre -
determined incr ease in species numbers has been maintained . The sample 
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sizes at which tests are made has to be carefully selected, however, 
taking into consideration the size of quadrats being used and the size 
of individual plants or clones involved, for, if the increase in absolute 
sample size between tests is smaller than the maximum possible size of 
individual or clone, the possibility exists of an apparent zero increase 
in species numbers occurring because no new individuals have been counted. 
If, on the other hand, an extremely large interval is selected, the 
method becomes impracticable under field conditions. A further problem 
is the sample size at which testing is to begin for, while it may seem 
logical that testing should be carried out from the initiation of sampling, 
the possibility exists that stands may not be as homogeneous as appearance 
suggests and a 'stepped' shape of curve may lead to a premature cessation 
of sampling. It was, therefore, decided to sample an initial ' minimal ' 
area in all stands that seemed satisfactorily to embrace all types of 
heterogeneity after which testing would begin. 
There were , therefore, three decisions to be made : 
a) the sampling intensity that was required to be maintained , 
b) the size of the interval between testing for this 
intensity, and 
c) the minimum area to be sampled before starting to make 
such tests. 
Each was decided upon after sampling a few stands extensively, the 
decisions being compromises between what was theoretically desirable 
and restrictions imposed by the time available for sampling. It seemed, 
on the basis of these initial samples (an abaca plantation, a corn field, 
early second- cycle woody regrowth, and stands 2 and 9) that a 15 quadrat 
transect across the stand would satisfactorily cover most types of 
heterogeneity, and this was adopted as a 'minimal' sampling area . A 
3-quadrat interval between tests was selected because this was larger 
than most individuals or clones likely to be encoun tered but sufficiently 
small to be practicable. The highest sampling intensity that it seemed 
possible to undertake (allowing for possible greater floristic complexity 
in some other stands) was a ratio of 1:2 between percent increase of 
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species numbers and percent increase of sample area. The procedure 
followed, therefore, was to sample an initial 15 quadrats, count the 
number of species encountered, then sample a further 3 quadrats . If 
the percentage increase in species numbers provided by this increase 
was less than half of the percentage area increase (in this case 20%), 
sampling was terminated . If, on the other hand, the percentage species 
increase was more than half of the percentage area increase , then a 
further 3 quadrats were sampled and the test repeated. 
In practice, all save four stands were adequately sampled by 
18 quadrats, these four requiring 21 quadrats . The spe cies:area curves 
from the sampled stands have been plotted in Figure 10 but, in view of 
the dependence of curve form upon axis ratios, little can be said about 
these curves. It is, however, instructive to apply the sampling intensity 
test to all curves throughout their courses, and Table 6 illustrates the 
results of this . As can be seen, only in two stands, numbers 10 and 13 
would the application of the intensity test throughout the sample have 
demanded that a sample of the finally selected size be taken. Conversely, 
only in two stands numbers 3 and 17, could sampling have been stopped at 
any level . Of the remainder, only stand 11 showed a classic species : area 
curve with a point of diminishing returns below 15 quadrats . All 
remaining stands showed an irregular pattern of termination point 
position, suggesting some vegetation heterogeneity. In view of this 
last characteristic the selection of a 15 - quadrat 'minimal' area seems 
to have been justified for, had this not been done, a number of samples 
may have been terminated prematurely . Alternatively, it may have been 
preferable to test at 3 - quadrat intervals throughout the sample, 
terminating it only whe n a sequence of 'stops' was encountered. 
In retrospe ct it does not appear that the results of this 
attempt to standardize sampling intensity were commensurate with the 
effort expended, as all save four stands were eventually sampled with 
18 quadrats . This apparently reflects a uniformity in stand floristic 
characteristics that will be further mentioned in Chapter 6 . However, 
although the technique proved of limited value in this context, it is 
Figure 10 
Species area curves of the sampled stands . 
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Table 6 
PERCENTAGE INCREASES IN SPECIES NUMBERS FOR SAMPLE AREA 
INCREASES OF THREE QUADRATS 
Stand Quadrat intervals and % area increas e s 
3-6 6- 9 9-12 12 - 15 15 - 18 100% 50% 33 . ll3% 25% 20% 
1 25 II 13 II 24 10 II 4 II 
2 7 II 6 II 13 II 21 9 II 
3 48 II 21 II 14 II 12 II 5 II 
4 24 II 11 II 8 II 21 4 II 
5 28 II 24 II 18 II 19 16 
6 48 II 50 16 II 3 II 8 II 
7 35 II 19 II 23 19 5 II 
8 43 II 8 II 21 15 8 II 
9 76 II 17 II 17 17 11 
10 92 39 26 13 14 
11 72 38 17 10 II 5 II 
12 31 II 26 13 II 18 11 
13 52 37 20 22 2 II 
14 22 II 25 II 47 5 II 0 II 
15 9 II 25 II 27 5 II 5 II 
16 33 II 0 II 10 II 14 4 II 
17 27 II 14 II 16 II 5 II 8 II 
18 84 33 16 II 12.5 6 II 
AF 25 II 6 II 24 14 13 
CF 35 II 26 0 II 0 II 3 II 
YR 43 II 12 II 8 II 12 . 5 0 II 
II Indicate s point at which sampling would have stopped if an 
initial minimum of 15 quadrats had not been sampled in all 
stands. 
AF Abaca field 
CF Corn field · 
YR Young woody regrowth in its second cycle of regeneration 
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18- 21 
16 . 7% 
-
-
-
-
3 II 
-
-
-
6 II 
4 II 
-
3 II 
-
-
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-
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-
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felt that it provides a useful means of standardizing sampling intensity 
where such uniformity does not exist . Moreover, as the floristic 
uniformity of vegetation is seldom known before sampling has been 
completed, the technique is useful safety device preventing possible 
omission of visually un - detected types of heterogeneity from the sample. 
ESTIMATING TREE WEIGHTS 
The time that would have been required to cut and weigh all 
trees encountered would have severely restricted the range of sampling 
and, consequently, some approximation to individual weight was sought 
from a measurable characteristic of the accessible lower trunks . Trunk 
basal area was used, this being readily measur able with a tape marked 
i n s q. cm . units , all trunks being assumed to have a circular cross 
section . Measurements were made at chest height, approximately 140 cm . 
above ground, any marked swellings on the trunk being avoided by 
measuring slightly above or below this level . Only two occasional 
difficulties were encountered in field measurements . Firstly, where the 
tree was of coppicing or low - branching growth form , separate pole or 
branch measurements had to be made and each, with its canopy, treated 
as an individual tree . Secondly, the measurement of tree ferns proved 
particularly difficult because of the abundant aerial roots on the lower 
trunks of many individuals. While in some this took the form of a 
regular sheath , in others, it produced an irregular trunk cross section, 
and, in extreme cases, large protruding buttresses were present . In 
such cases measurements were made slightly higher on the trunk, as the 
real diameter of this was very uniform throughout most of its length 
but, where this was not possible, the most obvious irregularities were 
cut away before measurement . The net result of these difficulties was 
that the accuracy of estimat e of tree fern weights was conside r ably 
lower than for other trees . 
The accuracy of basal area as an estimate of individual plant 
weight de pends upon the constancy of gross morphology , as expressed by 
the basal area : total volume ratios of the plants concerned , and the 
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specific gravity of their constituent material . Were all trees similar 
in t hese respects, only a single regression line would be necessary to 
predict accurately the weight of any individual from its basal area . 
Since such uniformity clearly did not exist amongst the trees of the 
study area, a classification was made, on the basis of gross morphology, 
into woody trees , tree ferns , and musaceous herbs . Woody trees were 
further separated into hardwooded and softwooded trees on the basis of 
wood specific gravity . The latter separation is clearly subjectGe, 
and was based mainly on the degree of difficulty in cutting the wood . 
Undoubtedly, intermediate conditions existed, and the plotted results 
showed some intermingling of points in the two groups . 
The basal area :weight relationships of these four groups were 
sampled by measuring the basal areas of individuals, cutting them as 
close to the ground as poss i ble, and weighing them . The smaller 
individuals were weighed with pocket spring balances while the larger , 
which required sawing into many segments, were weighed with a steelyard . 
Within each group, sampling aimed at including the maximum possible 
morphological and floristic variety . The sample s taken are summarized 
in Table 7 and the details are listed in Appendix VII. 
In order to derive the most suitable curves for estimating 
weight from basal areas the data for the four groups were treated in 
three ways : 
a) data we r e plotted on arithmetic graph paper and straight 
regression lines fitted, 
b) data were plotted on logarithmic graph paper and 
logarithmic regression lines fitted , and 
c) data were plotted on arithmetic graph paper and freehand 
curves fitted . 
While this last technique may seem crude, there is no real advantage in 
using a mathematically derived curve where estimation is the sole object 
of the exercise . Only where the re is some logical basis for expecting 
a mathematical relation to exist between two variables is there any 
advantage in using a regression line derived in this way . 
Tab le 7 
DETAILS OF SAMPLE TAKEN TO DETERMINE BASAL AREA WEIGIIT RELATIONSHIPS OF TREES 
Tree group Number of Number of Range of Number of Range of basal individuals spe cie s basal areas spe cies areas encount e r e d sampled sampled in sample encount e r e d in in the vege tation 
the ve ge tation 
Hardwood 20 12 12-1480 cm 2 54 10-50,000 cm 2 trees 
Softwood 37 8 10-520 cm 2 20 10-1,150 cm 2 trees 
Tree ferns 11 3 35-290 cm 2 3 32-400 cm 2 
Musa spp. 9 2 43-400 cm 2 2 22- 240 cm 2 
Number of 
e xtrapolations 
necessary 
11 
2 
20 
-
V, 
'-l 
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Inspection of the arithmetically plotted data indicated that, 
while Musa spp . and tree ferns had a near-linear basal area :weight 
relationship, thos e of the two tree groups were markedly non-linear . 
Linear regression lines plotted from these data had the disadvantage 
of indicating in all groups save tree ferns a zero weight when basal 
area was still 35 sq . cm . or more. While this relative depression of 
es timated tree weights in the lower size ranges would not have been 
important in stands with a wide range of tree sizes, it would have 
produced large errors where, as in this case, stands of uniformly small 
trees were also being sampled . Logarithmic regression lines or free-
hand curves did not, on the other hand, have this disadvantage. 
Two criteria were used when deciding upon which curves to use 
a) the accuracy of the estimate provided by the curve 
throughout the range of observations, and 
b) the accuracy with which extrapolations could be made . 
For relationships of this kind the standard error of the estimate is a 
measure of its accuracy . This is calculated in absolute values of the 
dependent variable and indicates the range above or below the curve 
within which two thirds of the points fall. Standard errors of the 
estimate calculated for the three t ypes of curve and for the four tree 
groups are listed in Table 8. It must be emphasized that, although 
these figures give the average accuracy of e stimat e throughout the range 
of data, the use of absolute residuals in the calculations results in 
greater emphasis on relative accuracy of estimate in the higher weight 
ranges and consequent under - emphasis in the lower ranges . Thus, in 
three of the four groups linear regressions were obtained having lower 
es timates of error than logarithmic regressions despite an apparently 
better fit of the latter in the lower weight range . Consequently, the 
standard error of the estimate could not be the sole criterion used for 
the selection of the most useful curves. Simple extrapolation of 
regression lines beyond the range of the sample data is statistically 
suspect but, given a reasonably low error of estimate about a curve 
with a simple equation and assuming stability of the implied relationship 
Group 
Hardwood trees 
Softwood trees 
Tree ferns 
Musa spp . 
Table 8 
STANDARD ERRORS OF THE ESTIMATE FOR TREE WEIGI-ITS (Kg.) FOR FOUR TREE 
TYPES USING THREE KINDS OF PREDICTING CURVE 
Linear Regression Logarithmic Regression 
Sample Universe Sample Universe 
345.4 386.4 384 . 9 427 . 2 
55 . 7 58.8 84 . 7 89.6 
24 .4 29 . 8 17 .3 21.1 
3 . 9 5 .1 5 . 5 7 .0 
Freehand 
Sample 
475 . 9 
36 . 8 
18.7 
2 . 8 
Curve 
Univers e 
528 . 2 
38.9 
22 . 8 
3 . 6 
V, 
ID 
Figure 11 
Regression lines used to estimate hardwood tree and tree fern 
weights from measured basal areas . 
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Figure 12 
Freehand curve used to estimate the weights of~ spp. 
plants from measured basal areas . 
Figure 13 
Freehand curve used to estimate softwood tree weights from 
measured basal areas . 
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in the unknown range, one can make tentative es timates of the dependent 
variable. In the hardwooded (forest) tree group, the refore, where 
canopy individuals were included in the sample, extrapolations using a 
mathematically derived curve were, to some degree, justified because 
the most likely change in growth characteristics, and hence basal area: 
weight ratio was likely to have occurred when the tree reached the 
canopy . 
In summary, therefore, the selection of appropriate curves 
had to be based on the characteristics of the individual group and 
regression. It had to be based on the total accuracy of estimate of 
the curve, the relative accuracy of the curve in its lower range , and, 
where extrapolations were necessary, on the possession of a recognizable 
mathematical relation thought to apply throughout the range of extra-
polation . For hardwooded tree weight estimates the logarithmic curve 
was selected because although its total accuracy of estimate was lower 
than the linear regression, it was apparently more accurate in the 
critical lower range (Figure 11) . The freehand curve was rejected 
because its estimates were inaccurate and it did not permit extrapola t ions . 
For softwooded trees the freehand curve was accurate throughout its 
range, including low values, and as only two extrapolations were 
necessary it was adopted (Figure 13). For similar reasons the freehand 
curve was selected for weight estimates of Musa spp . (Figure 12) . Among 
tree ferns, logarithmic and freehand curves gave near - identical accuracies 
of estimates; the logarithmic curve was selected as it permitted 
ex trapolation (Figure 11) . 
CHAPTER 3 
SAMPLING THE ENVIRONMENT 
INTRODUCTION 
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Devoting this entire chapter to the plant environment and 
methods of sampling it is prompted by the relatively inadequate treat-
ments of these topics in much ecological literature . This inadequacy 
is not limited simply to techniques and instrumentation but applies 
equally to the theoretical premises on which investigations are often 
based . Some ecologists have treated vegetation as a complex phenomenon 
but have failed to appreciate the equivalent complexity of its 
supporting environment, whilst others appear to have gathered any data 
possible regardless of their appropriateness to the task in hand . In 
this chapter, a theoretical background is presented which, it is hoped, 
will establish the environmental phenomena most appropriate for 
selection as factors of potential importance to the vegetation . Each 
phenomenon is then dealt with separately, its nature, techniques for 
measuring it and sampling design, then being discussed in turn . 
In the Introduction, the assumption of a uniform 1 macro 1 or 
1
un - influenced 1 environment in the study area was presented and Chapter 1 
examined the validity of this assumption . The environment to which the 
present discussion refers is the micro - environment, which is influenced 
by the vegetation, and which is intimately involved in the process of 
vegetation change . The vertical limits of this micro - environment were 
set by technical restrictions which are mentioned in later sections. 
These restrictions do not require any major alterations to the theory 
of environmental influences on plants and, in the discussion that 
follows, are mentioned only where they demand special attention. 
' Environment' is used in this work to refer only to those 
phenomena which may in som way affect a plant in situ . Any phenomena 
or events responsible for the migration of the plant are termed 
colonizational factors and are considered separately . While it is 
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desirable, as Mason and Langheim (195 7) hav pointed out, to define 
only those phenomena of proven effect as ' environme ntal', such usage 
becomes cumbersome . Instead, ' environmental factor ' is used here to 
refer to phenomena of proven effect while the adjective environmental, 
when qualifying other nouns, merely implies a supposed or potential 
influence. An attempt has been made to select only those phenomena 
thought to have some direct effect upon the plants concerned and the 
use of so-called 'indirect factors', to repre s ent a phenomenon or 
groups of phenomena not actually measured, has been avoided where 
possible. 
The response of a plant to an environmental factor includes 
its tolerance of some portion of the range of that factor and its 
vigour throughout that portion. While the first response determines 
whether the plant could, in isolation, establish and survive at a point 
on the gradient, the second determines its ability to compete with 
other plants at that point and hence survive in a community . In this 
work it is assumed that competition between plants in the (under 70 cm.) 
ground layer is negligible and that the absence of such a plant from a 
stand is a result of micro - environmental restriction and not of inter -
specific competition, colonizational opportunities being assumed 
constant throughout the study area . 
Although the response of a plant to an env ironmental factor is 
here being treated as a unique relationship, it is appreciated that 
many exceptions occur . Similar biological effects, or the ir reverse, 
are known to be produced by what appear to be unrelated environmental 
factors . Thus, for example, Billings (1952) finds that pinyon pine, 
in the Great Basin of the United States, tends to occur farther north 
and at higher elevations on calcium- rich rocks, calcium apparently 
compensating for some climatic factor. Similarly, the morphogenetic 
effect of red light is known to be reversible by longer wave-length 
infra - red light (Van der Veen 1962; Leopold 1964) whilst the ratio of 
nutrient cations in the soil, as well as their total amounts, are of 
importance to plants (Russell 1961) . Although such complications may 
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make the recognition of significant effects difficult, they do not 
invalidate an observed relationship, provided that the environmental 
factor measured is itself independent. 
The non - independence of environmental phenomena introduces a 
second, and more serious, complication for, although often treated as 
independent , few , if any , environmental phenomena are truly so . Thus, 
for example , the differ i ng spectral bands of radiation are not completely 
independent of each other nor is air temperature independent of 
i nsolation . While the problem can be overcome, using detailed 
experimentation, when measured phenomena are inter - dependent, 
dependence between measured and unmeasured phenomena may lead to 
observed relationships being incidental and not causal . This difficulty 
emphasizes the need for ecologists to use all available physiological 
data when selecting phenomena for measurement and when evaluating 
observed relationships between these and the organisms studied. 
The interpretations of observed plant responses in the field 
varies with the observer . Allen (1929) justifiably protests against 
excessive reliance on single, supposedly limiting or determining, 
factors without adequate experimental demonstration of their importance. 
More recently, Major (1958, 1961) argues that in the complex ecosystem 
causation cannot be invoked and suggests that all ecological relation -
ships be cast in a functional form . Wells (1959), on the other hand, 
while recognizing the complex nature of plant responses, believes that 
'this is no sufficient reason to throw out the possibility of 
elucidating causality in the intricate web of plant - environment rela t ions'. 
These differences of opinion seem more closely related to the reliance 
that is placed on observed relationships in the field than to a 
cleavage in methodology . The danger of abandoning causality completely 
lies in the tendency, thereafter, to abandon investigations of plant -
environment relationships in vegetation in favour of statistical 
exercises in plant sociology . A suitable compromise seems to be to 
accept and make use of the concept of causality when selecting possibly 
significant environmental phenomena for measurement , but to recognize 
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that, as only a limited number of phenomena can be considered and as 
present knowledge on the physiology of most plants is limited, any inter -
relations observed in the field are best interpreted as functional and 
only tentatively causal . 
To conclude, the environmental phenomena sought are those 
likely to have some directly restrictive effect upon the ability of 
plants to es t ablish themselves in the stands under study and to grow 
to a height of 70 cm . there . It is recognized that all competitive 
effects cannot be eliminated and consequently apparent tolerance ranges 
of plants may be more restricted than their true ranges . It is further 
recognized that, because of limited physiological knowledge and limited 
numbers of variables measured, apparent causal relations between the 
plants studied and their environments must be considered as tentative 
only . 
SELECTION OF ENVIRONMENTAL PHENOMENA FOR MEASUREMENT 
Each plant responds to a complex of environmental factors . 
In theory, therefore, the greater the number of phenomena measured the 
more precisely will a plant ' s tolerance limits be known and the more 
accurately will its distribution be accounted for (assuming minimal 
competition) . As the number of variables that can be handled in any 
study is limited, it is necessary to exercise considerable discrimination 
in selecting those thought likely to be significant as well as those 
that can, in fact, be measured . 
Selection on the basis of probable significance must be 
exercised at two levels . Firstly, only those phenomena which 
physiological exper imen t s on a variety of plants have shown to be 
widely important need be considered . As this includes too wide a range 
of variables to be considered in most studies, a further selection from 
this group must be based on field circumstances, whereby only those 
ph nomena whose local gradients appear, on inspection , to exceed the 
tolerance limi ts of at least some of the plants present, are singled 
out for detailed consideration . Only where relationships between these 
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widely important phenomena and the plants prove insignificant should 
more obscure, and physiologically less well based, phenomena be used, 
and conclusions then drawn only after adequate detailed experimentation. 
Problems of practicability, including the availability of 
suitable measurement techniques and logistics, inevitably play a large 
part in the selection of environmental phenomena. Poor techniques, or 
the absence of any, have, in the past, put serious obstacles in the way 
of ecological research, forcing either the abandonment of environmental 
measurements or the use of inappropriate approximations. Recent 
developments in instrument technology, however, have placed at the 
disposal of the ecologist a number of relatively sophisticated devices 
for measuring many relevant phenomena, the use of which can no longer 
be ignored . The costs of these new instruments are such, however, as 
still to restrict the number that can practicably be employed. Finally, 
the logistic problems involved in making such complex measurements, 
particularly in remote areas, further determines the number and type of 
phenomena that can be measured . 
INITIAL SELECTION 
Following the procedure suggested above, an initial group of 
phenomena may be selected which are thought to be environmental factors 
of all plants. The most obvious group in this category is that which 
includes those resources necessary for higher plant growth, in the 
absence of which no plant can survive beyond the seedling stage . Each 
plant, possesses a lower limit of tolerance of each resource, below 
which quantities are insufficient for survival, while excessive 
quantities of any may also exercise some restrictive effect upon the 
plant . Thus, for example, soil nutrients may, at one level of 
abundance, be insufficient to permit the growth of a plant, while at 
a higher level they may become toxic through reducing water uptake or 
having other effects at some stage of the plant's metabolism (Sutcliffe 
1962). Similarly, a low light level may provide insufficient energy 
to maintain a plant ' s growth while a higher level may raise leaf 
temp ratures to a critical level . The following environmental resource 
ph nomena may therefore be selected : 
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(1) Radiant energy . 
(2) Soil moisture . 
(3) Soil nutrients . 
(4) Carbon dioxide in the free atmosphere and soil atmosphere . 
(5) Oxygen in the free atmosphere and soil atmosphere . 
There are a number of other, non-resource, phenomena that 
seem to have some effect on all higher plants . Air temperature is the 
most obvious of these, affecting the rates of chemical reaction within 
the plant and producing injury at high and low levels. Air humidity 
and windspeed, together with air temperature and radiation affect plants 
by influencing their transpiration rates while wind may also have some 
physically abrasive effect upon them . Soil pH may also be included in 
t his category for, despite its effect being largely indirect (Russell 
1961), no method exists, at the moment, of measuring the effective 
quantities of elements through which action is exercised. Any observed 
relationship between soil pH and the distribution of a plant should, 
however, be interpreted merely as an indication of some effect being 
produced by one of these elements . Toxic root excretions present in 
the soil will not be considered : not only are these difficult to 
identify but their effects are probably highly specific . Although other 
phenomena could be included in this list, the effects of many are obscure 
and their significance unproven . These, then, should only be considered 
when those phe nomena that are measured show insignificant effects . 
SECONDARY SELECTION 
Micro - nutrients have been excluded from the above list as 
they tend always to occur in quantities greater than the minimum 
required by most plants (Leeper 1957) . For similar reasons atmospheric 
oxygen has not been measured because it is thought to occur universally 
in non-limiting quantities . Atmospheric carbon dioxide has also been 
excluded from the list . Evans (1939), finds carbon dioxide levels in 
primary and secondary undergrowth in Nigeria to be persistently above 
the normal atmospheric level of 0 . 03 per cent with no appreciable 
difference between the two vegetation types. The somewhat lower 
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concentrations r ecorded by Stocker (1935) in Java are attributed, by 
Evans , to the openness of the observation sites, possible experimental 
error , or free atmosphere concentrations below normal levels . Even 
had such measurements been thought appropriate in the present work, 
technical difficulties would have been insuperable . Evans' technique 
is complicated , r equiring one or more titrations after each measurement, 
while more r ecently developed techniques (Severinghaus and Bradley 1958; 
Snell 1960) require lengthy periods of solution exposure which make 
them unsuitable for measuring rapid changes. 
Measurement of oxygen and carbon dioxide concentrations in 
the soil atmosphere was abandoned, not because of local inappropriateness 
but for lack of a simple technique at the time that the field -work was 
begun . Had the carbon dioxide measuring device developed by Martin and 
Pigott (1965) been available at the time, it may well have proved 
possible to measure this variable . Measurement of atmospheric humidity 
was abandoned because of time limitations and because it was thought 
that in the study area, where free atmosphere humidities remained high 
at all times, there could be few variations of micro - environmental 
humidities from a constant non - limiting high value. Wind volocities in 
the micro-environment were not measured for similar reasons; there 
appeared to be little air movement in any of the stands under 
investigation . 
With the above phenomena eliminated, those actually measured 
were as follows : 
(1) Radiant energy . 
(2) Soil moisture. 
(3) Soil macro - nutrients . 
(4) Ai r temperature . 
(5) Soil pH . 
None of these is a simple phenomenon and, in measur ing each, problems 
of differing plant responses, differing availabilities and temporal 
stabilities are encountered . 
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RADIANT ENERGY 
All plants are subject to a flow of radiant energy received at 
a variety of wave-lengths . Solar and diffuse sky radiation lies between 
the wave-lengths of 0.3 and 2 . 2 microns while the earth and its 
atmosphere radiates energy in the 6 . 8 - 100 micron band. In the inter-
vening range no more than five per cent of either type of radiation 
occurs (Geige r 1965) . Although both types of radiation are important 
to the plant's heat budget, only the short-wave type is used as an 
energy source for growth, and it was to this short-wave radiation (or 
insolation) that measurements were restricted and to which the following 
paragraphs refer. 
Solar radiation is received at the outer surface of the earth ' s 
atmosphere at an intensity of 2 cal./cm .- 2/min .- l (Johnson F.S . 1954); 
the spectral distribution of this extraterrestrial radiation (after 
Johnson F.S. 1954) is shown in Figure 14. In passing through the 
atmosphere, absorption by ozone, oxygen, water vapour and carbon dioxide 
depletes this intensity by some 19 per cent while average reflectance 
by clouds and atmospheric scattering reduced it still further by about 
32 per cent (Johnson J.C . 1954) . The spectral composition of clear - sky 
radiation received at the earth's surface varies both with location and 
time of day. Moon (1940) has computed spectral curves for sea level 
radiation on a surface perpendicular to that of the sun ' s rays, with the 
sun at a variety of elevations; one of these (sun zenith angle= 60°) 
is shown in Figure 14 . Clouds radically alter the clear sky spectral 
composition of incoming radiation. Under overcast conditions the infra-
red end of the spectrum is abruptly terminated by strong water vapour 
absorption, the ultra - violet end is terminated by scattering, and cloud -
light, which is more evenly distributed throughout the visible spectrum, 
is produced (Gates 1965). 
PLANT RESPONSE 
Measurement of radiant energy was prompted primarily by its 
importance as an energy source for plant growth . Several other 
Figure 14 
The spectral composition of in- coming short- wave radiation 
under two conditions . 
Figure 15 
Transmission curves of two filters used to measure short- wave 
radiation in seperate spectral bands . The curves produced by 
increasing measured receipts by 10 per cent a.re also shown. 
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physiological effects may be produced by insolation, however, the 
importance of which should not be overlooked in mea s urement or in the 
interpretation of results . The Dutch Committee on Plant Irradiation 
(Wassink 1953 ) recommends that the solar spectrum be divided into the 
following bands on the basis of plant responses : 
Band 1 ( > 1.0 micron) ' No specific effects of this radiation 
upon plants are known . It is acceptable that this 
radiation, as far as it is absorbed by the plant, is 
transformed into heat without the interference of 
biochemical processes. 1 
Band 2 (0. 7- 1.0 micron) 'This is the region of the specific 
elongating effect upon plants. Although the spectral 
region of the elongating effect does not coincide 
precisely with the limits of this band, one may 
provisionally accept that the radiant flux in this 
band is an adequate measure of the elongating activity 
of the radiation.' 
Band 3 (0.61-0.7 micron ) 'This is almost the spectral region 
of the strongest absorption of chlorophyll and of the 
strongest photo - synthetic activity in the red region . 
In many cases it also shows the strongest photoperiodic 
activity .' 
Band 4 (0.51-0.61 micron) 'This is a spectral region of low 
photo - synthetic effectiveness in the green and of weak 
formative activity. ' 
Band 5 (0.40-0.51 micron) ' This is virtually the region of 
strong chlorophyll absorption and absorption by yellow 
pigments . It is also a r egion of strong photo-synthetic 
activity in the blue - violet and of strong formative 
effects.' 
A similar summary of plant responses is given by Leopold (1964, 332) 
But in a general way there appears to be three major types 
of action spectra for plant pigments : those driven maximally 
by both red and blue light (photosynthesis, some tropisims 
and plant movements); those driven maximally by red light 
(chlorophyll formation, photoperiodism, seedling morphogenetic 
responses and dormancy responses); and those driven maximally 
by blue light (phototropism and polarization responses). 
Although both of the above summaries are tentative and based only on 
the tested responses of a limi t ed number of species, they nevertheless 
demonstrat e the need for radiant energy measurements to be made in 
separate spectral bands. This is particularly true where measurements 
are being made beneath a variety of woodland canopies, for , here, 
marked differences in the spectral composition of the shade insolation 
may occur . 
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SPECTRAL COMPOS IT ION OF SHADE INS OLAT ION 
A proportion of the radiation falling on a woodland canopy 
is reflected, part of the remainder is absorbed, and the rest is trans -
mitted providing most of the shade insolation . The relative proportions 
of these three fractions depend upon the wave - length of the incident 
insolation , leaf type and canopy density . The work of Sauberer (1937, 
1948 ) and Ga t es et al . ( 1965 ) on a limited number of leaf types indicates 
a uniformly shaped transmittance curve with a slight peak at 0 . 5- 0 . 6 · 
micron and a more dramatic increase in transmittance beyond 0 . 7 micron . 
Although this suggests that shade insolation may be uniformly green and 
infra- red, it would be unwise to assume this uniformity beneath all 
canopies . The leaf transmittance curves presented by these authors are 
not identical and, as the total radiant energy of shade insolation 
decreases with increasing canopy density, one would expect a progressive 
alteration of the spectral composition away from external conditions . 
Such differences are reported by Coombe (1957) who finds a greater 
proportion of longer wave - lengths under a Castanea sp . canopy than 
under a Picea sp . canopy . 
MEASUREMENT OF RADIANT ENERGY 
The above paragraphs illustrate the need to avoid measuring 
insolation with spectrally selective instruments and in visually defined 
units such as foot - candles, and to concentrate instead upon non - selective 
instruments which measure in absolute energy units. Radiant energy 
fluxes can be detected in several ways . The device most cormnonly used 
by ecologists is the photoelectric cell but, as the spectral sensitivity 
of these cells varies considerably, their continued use is unfortunate. 
Their relative cheapness and ease of transportation can in no way 
compensate for the biologically meaningless results that they provide . 
A similar criticism applies to the several photochemical techniques 
recently developed (Dore 1958; Friend 1961 ; Rediske et al . 1963; 
Maggs 1966) . The hemispherical photography method (Evans and Coombe 
1959 ; Anderson 1964 a , b) is a lengthy procedure when compared with 
dir ct m a s urements . 
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All instruments measuring insolation in absolute units make 
use of the heating effect on some receiving body that is screened, 
with some transparent material, from moisture and wind . In short-wave 
radiation measurements screening is no problem as spectrally non - selective 
polished plate glass is available . The simplest instrument so far 
developed for such measurements is the Gunn - Bellani pyranometer which 
measures the evaporation of alcohol from within a spherical radiation -
absorbing body, integrating the results over the period of measurement . 
Although simple and accurate (Shaw and McComb 1959) it could not be 
used in the present work because filters could not be fitted around the 
spherical receiving body . The most accurate instruments developed for 
radiation measurements are electrical, using thermopiles to measure the 
temperature differences between paired absorbing and reflecting bodies . 
These, however, require considerable supporting equipment, including a 
power supply and recorder, and for this reason could not be used in this 
work . 
A less accurate instrument, but one that is both robust and 
requires no supporting equipment, is the bi - metallic actinograph . In 
this instrument, paired bi - metallic plates act as receiving and reflecting 
bodies, their resultant curvature mechanically operating a pen recording 
on a rotating drum . The receiving plates are enclosed within a hemi-
spherical glass dome, fitted to the top of a removable cover, beneath 
which filters can be installed without major alterations . Gates (1965) 
considers that actinographs are not accurate to more than 15 per cent 
on an absolute basis, but are more reliable on a relative scale . However, 
an improved instrument developed by the Meteorological Service of Canada 
has been found to give daily totals of radiation within± five per cent 
of those recorded with an Eppley electrical pyroheliometer (Middleton 
and Spilhaus 1953). Despite this low accuracy, the instrument was 
selected for use as robustness and transportability were major concerns . 
The instruments used were supplied by Ogawa Seiki & Co . Ltd. of Tokyo 
(Plate 4 ) and, although not specifically designed for the task and so 
som what bulky, they provided excellent and consistent service throughout 
Plate 4 
Bi.metallic actinograph used to measure short- wave 
radiation. A filter is shown fitted over the 
bi.metals . 
Plate 5 
Soil moisture metre and fibreglass block used to 
measure soil moisture tensions and temperatures . 
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the year of field -work. Radiation was recorded on a daily basis and 
totals integrated by making spot - readings from the chart at intervals 
representing 15 minuts throughout the day . 
Spectral analysis of the measured radiation should, ideally, 
have been made into the bands suggested by the Dutch Committee on Plant 
Irradiation . Cost pr evented this being done and, as a compromise, it 
was decided t o separ ate the two r elatively active regions of blue and 
red light from the relatively in - active intervening band of green and 
yellow light . The exact separation points of these bands was dependent 
upon the filters available . Kodak Wratten gelatine filters, Nos . 12 
and 29, were selected, as both provided a relatively sharp cutoffs at 
suitable points (approximately 0 . 52 and 0 . 62 micron respectively). 
Because maximum transmission beyond the cutoff point on each filter 
was only slightly over 90 per cent, energy values recorded with filtered 
instruments were increased by 10 per cent for comparative purposes . 
The transmission curves of these filters are shown in Figure 15 . A 
group of three actinographs, one un filte red and two filtered, could 
thus be used to measure total radiation and, by subtraction, radiation 
in the< 0 . 52 micron, 0. 52 - 0 . 62 micron and> 0 . 62 mi cron wave - lengths . 
For convenience, these three bands will hereafter be termed blue, green 
and red wavebands , respectively . The filters, cut to a circular shape, 
were mounted on rings of polystyr ene material which were then glued 
into the bases of the glass hemishperes several millimetres above the 
bi - metals . In practice, this arrangement produced several difficulties . 
The partial sealing of the glass hemisphere resulted in the fogging of 
the inner surface of the glass when bright light first fell on the 
instrument and, although cutting air holes in the polystyrene ring 
reduced t his effect, it could not be eliminated . Secondly, the use of 
flat, rather than hemispherical , filters doubtless resulted in some 
radiation loss through reflection . Thirdly, the gelatine filters 
possibly deteriorated throughout the period of use . Sziecz et al . (1964) 
however, find no change in the cutoff position of a Wratten 88A filter 
exposed to 25 kg . cal . of insolation, and an increase in transmission 
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of only one per cent (41-42 per cent). As the filters used were exposed 
to less than 20 kg . cal. of radiation totally, deterioration was 
probably only slight . 
SAMPLING DESIGN 
Insolation measurement beneath a vegetation canopy, unless 
made continuously, must be related to some external standard by 
appropriate sampling and comparison, and expressed as a percentage 
thereof . The accuracy of such sample percentages depends, of course; 
upon their constancy at a given point over long periods, and Anderson 
(1964a) justifiably criticizes the use of such 'daylight factors' (at 
least when applied to total insolation) in temperate areas where a 
changing solar altitude and the deciduous tree habit produce serious 
errors. In the study area, where solar altitude oscillates seasonally 
about the zenith and all stands were evergreen, these objections to 
the method lose force. Percentage variations on a day - to - day basis may 
give rise to more serious error, however, for much of the radiation 
received beneath canopies is in the form of sun flecks, and the coincidence 
of cloudy or clear conditions with the appropriate solar position on 
any day may produce considerab le day - to - day differences in per cent 
of external insolation received at a point on the stand floor . To test 
how serious a sampling error was introduced by this variation, three 
actinographs were left at identical positions beneath a canopy through-
out a 14 day sample period, and the measured results related to external 
conditions as percentages thereof . These percentages are listed in 
Table 9 together with a number of shorter trials conducted in several 
regrowth stands before sampling was begun . While it is clear that 
considerable day-to - day variation occurred, most percentages at a given 
position maintained the same daily order of magnitude which, in some 
measure, validates their use in comparisons . 
Insuffic_ient instruments were available to permit of two 
complete sets being used for external and shaded measurements making 
it necessary to devise some method of estimating daily blue, green 
and red external radiation from the measured total daily radiation 
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receipt. This was achieved by measuring the spectral composition of 
external radiation over a 29-day sample period using three instruments 
and fitting regression lines of inputs in these spectral bands on total 
daily inputs (Figure 16). Red radiation could be predicted with some 
accuracy (r 
accurate (r 
0 . 99), while the prediction of green radiation was less 
0 . 60) . Blue radiation showed no correlation with total 
radiation and the predicting line, calculated as a residual, was 
horizontal. Using these regressions, daily blue, green and red radiation 
receipts were estimated throughout the year of observations . Percentages 
of radiation in these three bands, calculated on an annual basis, are 
listed in Table 10 together with receipts in the same bands above the 
atmosphere and at sea level under clear sky conditions with a sun 
zenith angle of 60°. It is of interest that Gumate, despite its 
continual cloud cover, received on an annual basis, radiation of 
spectral composition not greatly different from that experienced at 
sea level under clear sky conditions; a result, probably, of the 
area's altitude. 
With external conditions predictable, the three actinographs 
were then used for sampling shade insolation on the stand floors . The 
height of the actinograph receiving surfaces (25 cm.) necessarily 
determined, in large part, the definition of the upper limit of the 
sampled ground layer . Each instrument was mounted on three pegs driven 
into the ground, this serving to raise the receiving surfaces a further 
10- 20 cm . depending on the slope of the soil surface . As a certain 
degree of disturbance of the ground vegetation was ne cessary around 
each instrument, the upper limit of the ground layer was defined as 
70 cm., at which height it was assumed that the measured amounts of 
radiation were those actually received by the plants of the ground layer. 
The bi - metals of the actinographs, each measuring only 50 sq.cm. 
provided an extre~ely small sample area, and it was therefore ne cessary 
to make measurements at as many points as poss i ble in a given stand . 
Initially , measurements were attempted by placing three actinographs 
close together in the same 1 sq . m. quadrat This method resulted in 
Figure 16 
Regression lines used to estimate daily blue , green and red 
radiation receipts from the total daily receipt . 
F~ureU 
Cutaway diagram of the thermometer screen used in micro-
environmental measurements . 
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Tab le 9 
DAY-TO-DAY VARIATION IN THE SHADE INS OLAT ION 
RECEIPTS AT FIXED POINTS 2 EXPRESSED AS 
PERCENTAGES OF THAT RECEIVED EXTERNALLY 
Location % of Total % of Green+ Red % of Red 
Radiation Radiation Radiation 
Logged forest 15 . 06 15 . 59 15.40 
behind house . 17 .37 15 . 34 15 . 25 
17.69 14 . 69 13.22 
15.86 13 . 66 14.75 
18.40 24.01 19.76 
16.58 21. 27 21.08 
14 . 45 17. 59 13.81 
11.31 14 . 29 14.07 
13 . 81 17.08 13 . 59 
11 . 45 11. 65 13. 65 
16.86 17 .34 20 . 51 
11 . 40 13 . 93 15 . 72 
14 . 04 19.53 17 .31 
17 . 99 14.97 16 . 87 
Stand 1 16 . 04 10.56 9 . 79 
28 . 99 10.66 10.85 
27.89 14 . 55 11 .37 
Stand 2 2 . 63 7.80 Tr . 
2.91 4.80 Tr . 
4.23 7 . 69 Tr. 
Stand 2 34.56 27 . 81 22. 67 
36 . 00 35.52 20.18 
36. 37 27 . 85 18 . 40 
Stand 7 46 . 80 60 . 97 
48 . 64 62 . 83 
Stand 8 6.11 4 .50 Tr. 
2 . 97 3 . 73 Tr . 
6 . 04 8 .42 0.97 
Stand 9 14 . 27 22 . 07 25.78 
17 . 91 15 . 05 11 . 93 
14 . 86 14 . 76 21.13 
Table 10 
PERCENTAGES OF TOTAL SHORT-WAVE RADIATION RECEIVED 
I~ SEPARATE BANDS AT THREE LOCALITIES 
Wave-length Extraterrestrial 
band (Johnson F.S. 1954) 
0.52 micron 26.3 
0.52-0 . 62 micron 40 . 0 
0.62 micron 33.7 
Sea level, clear 
sky, sun zenith 
Angle 60° 
(Moon 1940) 
18 . 4 
17 .4 
64 . 2 
Study 
area 
10 . 8 
19 . 2 
70 . 0 
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unacceptable disturbance to the vegetation and, moreover, gave results 
indicating great spatial variation in receipts even within so small an 
area . As the computations of radiation in separate spectral bands 
required subtractions between the three instrument records, this 
method could not be employed and an alternative technique was devised 
whereby the three instruments were 1 rotated 1 through three quadrats on 
three consecutive days . Measurements made at each site were then 
reduced to percentages of external radiation and from these the spectral 
band percentages received at each site were calculated . The daily 
variations of radiation percen tages received ~a given point (Table 9) 
indicated that considerable error was introduced by this 'rotation' 
method, and the computed green and blue radiation percentages were 
probably too inaccurate to be of great use . On the other hand, both 
total and red radiation were measured directly and were thus of greater 
reliability. 
The rotation method of measurement restricted sampling to 
groups of three quadrats at a time . Initially it was hoped to sample 
nine quadrats in each stand but, as time restrictions became more 
obvious, this sample size had to be reduced to six . Because vegetation 
sampling involved clear felling, all environmental sampling had to be 
carried out prior to this . At the start of field -work, therefore, 12 
1 permanent 1 quadrats were laid out in each stand to be used as sites for 
micro - environmental measurements and later to form part of the vegetation 
sample . The six radiation measurements were taken in alternate quadrats 
of these 12 permanent quadrats (Figure 18). Ideally, actinograph 
charts should be changed only before sunrise or after sunset but, as 
this proved impossible under field conditions, changes were carried 
out 1~ hours after dawn or 1\ hours before darkness fell. When 
integrating the daily totals from each chart, the extra 1~ hours 
radiation from a .previous day was added to the current day's record . 
The absolute amount of radiation received in this extra 1~ hours was 
always only a small proportion of the daily total, making any errors 
introduced by this technique comparatively slight . 
Figure 18 
Method of ' rotating actinographs daily through three quadrats 
when sampling short- wave radiation in stands . 
Figure 19 
The relationship between soil moisture tension and per cent 
soil moisture content in a forest surface soil sample . A 
regression line of content upon tension is shown fitted . 
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SOIL MOISTURE 
The practical significance of soil moisture to crop production 
in the drier parts of the world has made it one of the most thoroughly 
researched factors of the plant environment. (See, for example, Kramer 
1949; Marshall 1959; Penman 1963 ; CSIRO 1957; Austr. Acad. of Sci. 
1964 ; Rutter and Whitehead 1963) The description of soil moisture 
as an environmental factor should, ideally, include both the total 
amount present and its energy state or potential. While the former, 
usually measured on a percentage weight basis, is useful in water budget 
studies, the latter is of greater use to the ecologist in that it 
indicates the energy necessary to remove water from the soil. If 
gravitational effects are ignored, soil water potential or tension 
may be resolved into matric, or capillary, tension and osmotic tension. 
The matric tension can be measured mechanically by the energy required 
to remove some of this water from the soil, and has usually been 
expressed in terms of the atmospheres of pressure necessary to expel 
water from the soil or the length of a water colunm necessary to remove 
it by suction. The osmotic tension, or solute suction, can only be 
measured from the properties of the extracted soil solution . 
PLANT RESPONSE 
Although consideration of soil moisture as an environmental 
phenomenon was prompted by its importance for growth, it is appreciated 
that it may affect the plant in a variety of other ways which are not 
readily distinguishable. Transpiration utilizes the vast proportion 
of absorbed water (which is also of importance to the uptake and trans-
location of nutrients). In addition, excessive amounts of soil 
moisture may indirectly affect the plant through reducing root aeration. 
The energy state of soil moisture that prohibits its further 
uptake by plants has received much attention . The concept of a 
permanent wilting point, beyond which plants can no longer extract 
water from the soil and wilt irreversibly, was developed by Briggs and 
Shantz (1912), who believed it constant for all plants on a given soil . 
78 
The matric tension of water at this point was found by Richards and 
Weaver (1943) to approximate 14 atmospheres. Wider experience has 
shown that the assumption of constancy for all plants is incorrect and, 
indeed, were it not so, differential plant distribution in the field 
would not be related to soil moisture conditions as, in some cases, it 
so obviously is. It can be assumed, however, that each plant possesses 
a lower tolerance limit to soil mo i s ture tension below which it cannot 
withdraw water and is unable to survive . 
Where soil physical conditions are uniform, soil moisture 
content bears a constant relationship to tension and can be used as an 
adequate comparative measure . Where soil type varies, however, a soil 
moisture content figure can no longer be relied upon, anddirect 
measurement of tension is necessary. As it was possible that soil in 
the study area varied, it was decided to make all measurements directly 
in soil moisture tensions. 
MEASUREMENT OF SOIL MOISTURE TENSION 
While accurate measurement of soil moisture content in the 
field is readily achieved , using gravimetric techniques or the more 
sophisticated neutron scattering probe, the accurate measurement of 
soil moisture tension poses greater difficulties . No suitable device 
exists for measuring total soil moisture tension (matric plus osmotic) 
although the recently- demonstrated instrument being developed by Peck 
and Rabbidge (1966) may overcome this deficiency . Consequently, all 
further discussion of measurement refers only to matric tension. While 
the errors introduced by this restriction are not precisely known, it 
seems unlikely that in an area of excessive rainfall, soil solute 
concentration, and therefore osmotic tension, can be great . 
The only direct measuring instrument is the tensiometer which 
consists of a porous ceramic cup connected to a manometer. In its 
present form it su~fers from a restricted range because air enters the 
system at tensions greater than 850 cm . but, had it been known that field 
tensions were to be uniformly low, this instrument would have been 
selected . Indirect methods of measurement are based on the movement of 
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soil moisture into an embedded porous block the moisture content of 
which is assessed, usually by electrical conductivity, after equilibrium 
with the soil has been attained . A gypsum block with embedded electrodes 
was developed by Bouyoucos and Mick (1940) and has since undergone 
a number of improvements. The most useful attribute of this block is 
the buffering effect, produced by the solubility of the gypsum, which 
masks any conductivity effects of the salts in solution. This 
buffering effect is of particular importance as soil solutes have a 
double effect upon tension measurements made electrically; not only 
is the measurement of matric tension depressed by the salts, but these 
salts produce an increase in osmotic tension which removes the measured 
value still further from reality. The gypsum block is, however, of low 
sensitivity in wet soils, and possibly of limited longevity under 
tropical field conditions . Blocks made of nylon or fibreglass overcome 
the disadvantage of rapid deterioration and have proved more sensitive 
in very wet soils . These advantages we r e thought to outweight the lack 
of buffering effects, as soil solute concentration was pr obably low in 
the field area, and a block of this type, developed by Colman (1946) 
and Colman and Hendrix (1949) and manufactured by Beckman Instrument 
Co. of Berkeley California, was used . The block (Soil Moisture Uni t 
Model 351) consists of monel screen electrodes wrapped in fibreglass 
cloth and enclosed in a perforated monel case . A thermistor is encased 
in the unit enabling measured resistances to be corrected to standard 
temperatures . The entire unit measures only 1 in . x 1.5 in. x 0.056 in. 
and was easily inserted in a knife slit made in the surface soil . They 
proved highly durable under field conditions; the only deterioration 
noticed in those left buried for ten months was an apparent ageing of 
the thermistors . The greatest difficulty encountered was the chewing 
of the leads by small rodents; future workers using this type of 
instrument under tropical conditions would be well advised to have the 
leads enclosed in a flexible metal tube . Resistance was meas ured with 
an alternating current ohm meter (Soil Moisture Ohm Meter, Model 300) 
manufactured by Beckman Instrument Co. (Plate 5) . This was small and 
light and gave exceptionally good service under difficult field 
conditions . 
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Calibration of the blocks was carried out on a pressure 
membrane apparatus at the CSIRO Division of Soils, Canberra, using 
thoroughly leached river-bank silt as the medium. Calibration points 
were saturation (1 cm . ), 100 cm . , 300 cm . , 2 atmospheres (590 cm.), 
8 atmos pheres (4 , 570 cm. ) and 15 atmospheres (12 , 500 cm.). Because of 
the time required to attain equilibrium at these points, only a singfe 
drying cycle could be used . It was found that at high tensions the 
blocks became inaccurate but, as these were seldom encountered in the 
field, no great problem arose therefrom. While in the field, a curve 
of soil moisture content against tension was determined using a forest 
surface soil sample dried through two cycles . The relationship was the 
customary approximation to log : normality, and a regression line was 
fitted (Figure 19) . Low tensions were recorded, even at low soil 
moisture contents . 
SAMPLING DESIGN 
The limited number of blocks available restricted measurements 
to the surface soil, where it was found that a block could be adequately 
embedded in the upper 5 cm. layer . This , then, served to define the 
lower limit of the stands' micro - environments, and all soil chemical 
analyses were performed on sample s from this 5 cm . layer . Each block 
was embedded with the edges facing the plane of slope to prevent 
ponding of laterally- moving water. The volume of soil sampled by each 
block is unknown, but must certainly have varied with the soil moisture 
status for, as drying progresses, water movement within the soil becomes 
increasingly restricted and the zone with which the block equilibrates 
must shrink . However, the slow movement of soil water, even under wet 
conditions, means that the sample volume was in all cases small, 
nece ssitating the .measurement of as many points as poss i ble. Under 
field conditions, tension in the surface soil varies continuously in 
response to precipitation gains, and losses through percolation, plant 
uptake and evaporation . Similarly, spatial irregularities in the above 
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gains and losses, and the slow movement of moisture within the soil, 
give rise to spatial variation in tension . To assess temporal variations, 
a single block was installed in each stand and read at ten- day intervals 
throughout a period of ten months . These measurements indicated, 
however, that there was far greater day-to-day variation, in response 
to regular rain showers, than there was seasonal variation and, 
conse quently, more frequent readings would have been desirable. An 
added source of error in the measurements was the frequent occurrence· 
of afternoon rain; as visiting all blocks was a full day's task, those 
visited latest were often read in the rain and their results thus 
biased toward wetness . Unfortunately, it proved impossible to circumvent 
either of these difficulties . To assess spatial variation of soil 
moisture within each stand, blocks were placed in the surface soil of 
nine of the twelve permanent quadrats and these, as well as the 
permanent block, were read daily over a one week period during which 
1 time at least one drying cycle could usually be covered. Using these 
data, a regression line of mean soil moisture tension upon soil 
moisture tension measured by the permanent block, was constructed for 
each stand, a straight line regression giving an adequate fit in all 
save one instance . Using these regressions, each permanent block 
measurement made could be altered to provide a more realistic 'mean 
soil moisture condition' for the stand at that time. From the data 
collected in this way three measures of stand surface soil moisture 
condition were obtained . 
1 
a) A mean annual soil moisture figure was calculated from 
the corrected permanent block readings . 
b) The mean deviation of the same readings was calculated 
and used as a measure of soil moisture temporal 
instability. 
c) Finqlly, a mean figure for soil moisture spatial 
It was found that blocks would normally equilibrate with the 
surrounding soil within 24 hours, enabling emplacement one day and the 
start of readings on the next . 
instability was derived from the daily mean deviation 
measurements made at the ten points in each stand 
throughout the week of readings. 
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A major drawback of this sampling design was that during the 
week of sample measurements an adequate range of soil moisture conditions 
was not always experienced . In most cases , the extension of the pe riod 
by several days overcame this limitation, but in a few instances the 
r egressions had to be based on data from a restricted range . A second 
drawback was that values reflecting the poor initial siting of a 
permanent block could not always be corrected by the regression line . 
In stand 8, for example, the placing of the permanent block at an 
excessively wet point was not recognised until after the sampling had 
been concluded , by which time movement of the block would have 
interrupted the sequence of measurements . Because of these inaccuracies, 
the soil moistur e figures collected should not be regarded as comparable 
with those measured in a laboratory or under ideal field conditions . 
To t he best of my knowledge, however, they repres ent the first attempt 
to measur e soil moisture conditions under tropical regrowth vegetation 
and to test t he common assumption that this variable is of great 
importance to the plant succession . 
SOIL NUTRIENTS 
The measurement of the soil nutrient environment of plants 
poses greater problems than the measurement of either of the two 
variables already discussed . Ideally , the description of the nutrient 
status of a soil should include its total nutrient content and the 
state of extractability of each . The former would indicate the capital 
store of nut r ients and be of importance in budget studies, while the 
latter would indicate the nutrient availability of ' tension ' at the 
time of measurement and thus be of greater ecological significance . 
Plants are capable of extracting nutrients from both the soil solution 
and the soil ' s exchange complex . Little is known, however, of the 
states of adsorption of ions in this complex at which plants are no 
longer able to extract them . Presumably the nutrient extraction 
abilities , and hence lower tolerance limits, of plants vary, as some 
plants are capable of establishing and surviving on soils of low 
fertility , whilst others are not . At the other extreme of nutrient 
availability , excessive nutrient ions are known to affect plants in 
differing degr ees , producing a range of upper tolerance limits . As 
toxic concentrations were unlikely to be present in the study area, 
only potent i al nutrient deficiencies were thought worth seeking . 
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There is no method for rating a soil nutrient on some scale 
of extractability and all methods, apart from those measuring total 
quantity, employ some standard reagent the nutrient content of which 
is measured after it has been used to leach the sample . The selection 
of any such test cannot be objective , and it was decided to use the 
most widely applied techniques which would at least enable comparisons 
with other areas . Exchangeable cations (Ca, Mg, K, a) were leached 
using ammonium acetate in alcohol; phosphorus (as parts per million 
of P2o5) was extracted by the Truog method; total nitrogen was determined 
as a percentage of soil dry weight by the Kjeldahl method . The details 
of these methods are summarised in Appendix V which also describes the 
methods used to measure the non - nutrient , bu t indirectly important, 
soil chemical properties of carbon and cation exchange capacity . All 
analyses were performed by the Soil Science Laborato r y of the Royal 
Tropical Institute, Amsterdam . As costs restricted the number of 
analyses to one per stand , composite samples were taken from the upper 
5 cm . of the surface soil in the twelve permanent quadrats of each 
stand . Sub - samples in each quad r at were taken with a probe after 
removing recognizable plant litter f r om the soil surface; t hey were 
t hen air dried and tho r oughly mixed before shipment . It was assumed 
that temporal variation of soil nutrients was minimal and that the 
samples were representative of conditions in the stands over some 
period of time . 
I t must be emphasized , in concluding, that each nutrient value 
measured by these me t hods represents only a crude approximation of 
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site fertility at one level of that nutrient ' s availability . The lack 
of significant relationships between these values and species distributions 
should not be taken as indicating insignificant nutrient effects, for 
nutrient deficiency effects may be operating at a more subtle level 
which has not been measured. Were the field-work being repeated, I 
would undoubtedly give greater emphasis to pot tests for these may well 
have given more r eliable results . 
SOIL pH 
Surface soil pH was assumed to vary negligibly over short 
periods of time and measurements made on the soil samples collected for 
nutrient analysis were assumed to be representative of stand conditions. 
The soil was shaken with pure water, or a 1 normal solution of potassium 
chloride, in a soil : solution ratio of 1:2.5, and the pH determined with 
a glass electrode . 
AIR TEMPERATURE 
Air temperature at a given point is a continuously varying 
environmental phenomenon whose variability, extremes or mean values 
may all possibly determine a plant's range of occurrence and so should, 
ideally, be measured . Relatively cheap instruments exist for the 
measurement of all aspects of ai r temperature variation and only time 
limitations restricted measurement to daily maximum and minimum values . 
Micro-environmental air temperatures were measured in each stand with 
a maximum- minimum thermometer installed in a small screen (Figure 17) . 
The screen was mounted on a stout peg which could be driven into the 
ground leaving the thermometer in a horizontal position at approximately 
20 cm. above the soil surface . Sampling in each stand was restricted 
to approximately one week and, as a result, measurements had to be 
related to some external standard . In this case, daily maximum and 
minimum temperatures measured at the meteorological installation were 
used as the standard; measured temperatures in the stands being compared 
to these and expressed as differences (positive or negative) from them. 
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To test whether a constant difference was maintained at a given site, 
a ten-day trial was carried out with the thermometer in a fixed position . 
The results were as follows 
Table 11 
DAY- TO- DAY VARIAT IONS IN MAXIMUM AND MINIMUM AIR TEMPERATURE 
DIFFERENCES AT A FIXED POSITION ON A STAND FLOOR c0 c . ) 
Daily Max . Temp. Differ . 
( From that measured at 
t he met . site) 
-6 . 0 
- 6 . 5 
-6.2 
- 3 . 2 
- 3 . 8 
- 8 . 6 
- 7 . 6 
- 8 . 2 
-6 . 0 
-6. 2 
Daily Min . Temp . Differ . 
(From that measured at 
the met. site) 
+0 . 2 
+o.5 
- 0.1 
+0 . 9 
+0 . 7 
+0 . 7 
- 0 . 2 
0 . 0 
- 1.0 
+0 . 9 
As can be seen from these results, some day-to• day variation did exist, 
but all measured differences tended to be of the same order of magnitude 
and the method was adopted as the best available . To obtain a space -
average of temperature differences, measurements were made in six of the 
twelve permanent quadrats, the thermometer being moved daily in 
conjunction with the ' rotation' of ac t inographs . 
Micro - environmental measurements made in all stands, together 
with stand means of these, are summarized in Appendix VI. Comments on 
these values and tests of the significance of their differences will be 
delayed until Chapter 5 . In summary, the greatest deficiency of all 
measurements was the small sample size that each represented, the area 
or volume sampled being minute in comparison with the dimensions of the 
vegetation sample. However, the sole alternative was to have restricted 
measurement to a small number of variables, and it was thought that, in 
an exploratory study, the measurement of a wide range of variables, 
albeit with low accuracy, offered greater promise of useful results . 
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SAMPLING LITTER FALL 
Litter fall, including dead leaves and small twigs, was sampled 
in the regrowth stands using twelve aluminum foil trays, each of 
625 sq . cm . area . This foil , although cheap and non - corrodible, proved 
not to be the ideal material as it was easily torn and, if the fixing 
weights rolled off, tended to cur l under the impact of raindrops. To 
allow for errors introduced by this curling, a 20per cent loss factor 
was added in comput i ng t he results, and the records from badly torn or 
curled trays totally discarded . Trays were initially placed in the 
twelve permanent quadrats but were later transferred to new positions 
in the stands when vegetation sampling was carried out . In most cases 
trays were cleared twice during the sampling period, which varied from 
43 to 92 days depending on the condition of the trays . Although this 
sample period may seem unrealistically short, the evergreen nature of 
all stands prevented this leading to serious error. When collected, 
the litter was dried in tins on a plant specimen drier, weighed, 
thoroughly pulverized and a sub-sample taken for chemical analysis. 
Litter fall data for the sample periods were reduced to dry litter 
fall per square metre per day and this converted to an annual figure . 
The results are listed in Table 22 and will be further discuss ed in 
Chapter 5 . Although these results were of low absolute accuracy 
because of the poor techniques used and the small sample area (0.6 sq . m. 
in most stands), it is of interest that they agree in general with 
those from othe r tropical rain forest areas, including regrowth, 
quoted by Nye and Greenland (1960) . 
In the three grassland stands, litter collection trays could 
not be used and an alternative method was therefore attempted . A 
50 x 400 cm . p l ot was pegged out in each stand, and from this all dead 
material , both standing and lying on the ground , was r emoved. This 
was repeated after 100 days and all the new dead material removed was 
collected, dried and weighed. The results , however, showed litter 
production in these stands to be far in excess of that under woody 
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vegetation . The reason for these high figures seemed to be stimulated 
production caused by removal of dead material, and the inclusion of 
standing dead matter, most of which would normally have decomposed 
before falling to the ground. The results were therefore discarded as 
gross overestimates . 
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CHAPTER 4 
THE STANDS OF SECONDARY VEGETATION 
INTRODUCTION 
The description of sampled stands given in this chapter is 
intended to provide a picture of the s e condary vegetation of the study 
a r ea as it existed at the time of sampling . The first part of the 
chapter establishes the gross structural characteristics of the stands, 
whilst in the second part, the stands are described in greater detail 
with emphasis on the stability of each stand as evidenced by the co-
occurrence of mature and juvenile plants of the same species. The 
concluding part of the chapter relates the structures of stands to 
their ages and establishes, (albeit on the basis of circumstantial 
evidence), the existence of a structural change with time in the area . 
These descriptions of the stands, together with the histories of 
disturbance and site conditions already described, served to formulate 
hypotheses tested in later chapters . While it is inevitable that these 
descriptions imply some ecological interpretation this should be 
regarded as only tentative and merely the basis of hypotheses still to 
be proven . 
No detailed floristic description of the type often given in 
vegetation studies has been included in this chapter. It is felt that 
a floristic description is of use in a detailed e cological study only 
when it is made at the species level. There is such great autecological 
variation among higher plants, even at the sub - specific level, that it 
is unrealistic to regard classificatory units of higher rank as of any 
use in solving ecological problems except thos e of the broadest kind 
ranging over the widest geographic areas . Thus, while a list of genera 
and families present in the sampled stands may be of interest to the 
classical plant geographer, it would add nothing to the central topic of 
the thesis which is an examination of the process of vegetation change . 
The limited number of species identifications that could be obtained for 
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fertile specimens collected during my reconnaissance trip to Mindanao 
made it clear that species identification of most of the plants 
encountered while sampling could not be hoped for. As the time that 
would have been required to collect adequate fertile material of all 
species encountered would have necessitated serious curtailment of other 
activities and as such a collection could not necessarily have been 
identified to the species level, the expenditure of time was not thought 
commensurate with the returns likely to be achieved . Instead, a field 
herbarium, consisting of small specimens of all new species encountered 
while sampling, was prepare d during the course of field work, and was 
used for field identification. In addition, large, and where possible 
fertile, herbarium specimens were collected of species that were 
structurally prominent or of widespread occurrence and thought to be 
ecologically significant. Identifications obtained for these are used 
in the descriptions that follow and in the analyses carried out in 
Chapter 5 . These identifications, together with those obtained from 
field herbarium specimens, are listed in Appendix VIII. The list has 
been separated into forest and regrowth type species, a separation 
discussed in Chapter 6, with a further cross-classification into life-
1 forms, the justification for which will appear in subsequent paragraphs . 
A number of terms are used in the descriptions that follow which 
are best defined at the outset. 'Prominence' is used to describe the 
relative importance of a species or other plant group in a stand, and is 
measured in two ways. (1) 'Mass' or 'plant mass' refers to fresh weight 
of above-ground plant material. Both absolute mass (measured in kg. per 
sq . m.) and relative mass (as a percentage of the total stand mass) are 
used. (2) 'Summed frequency' is used as an approximate measure of the 
numbers of individual plants of a life form type in a stand. Sampling 
did not distinguish between individual plants in the intermediate and 
ground layers and, as a result, no absolute individual count could be 
made . As an alternative, the separate frequencies of species of the 
type, or the 'summed frequency', was used . All species frequencies 
were reduced to an 18 quadrat sample, the value 18 representing 
l The field herbarium is deposited with the Department of Geography, 
Australian National University, and large herbarium specimens are 
deposited with the Land Research Herbarium, CSIRO, Canberra . 
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the maximum frequency that could be attained by any species in a stand. 
The adjective 'predominant' (and its associated noun and verb) is 
applied to species or to life forms that make up a greater proportion 
of the mass of a stand than any other group of the same rank. 
LIFE FORM TYPES 
Superficial observations in the study area suggested that most 
stands could be classified into a limited number of classe s on the basis 
of the overwhelming promine nce of a single, distinct, life form type . 
Gross morphological differences o f local plants were sufficient to enable 
the ready recognition of the following types : 
1) small herbs, 
2) large zingiberaceous herbs, 
3) large musaceous herbe, 
4) tree ferns, 
5) softwooded (second growth) trees, and 
6) hardwooded (forest) trees. 
The first three groups may be defined as 'plants with no woody parts above 
ground' (Willis 1960), while the second and third groups were 
distinguished from the first on the basis of size and peculiarities of 
share. The term 'large' as use d here refers to the ability of a plant 
to attain a height of 3 m. or more when mature . Zingiberaceous herbs 
comprised two species, Costus speciosus and Hornstedtia sp., both of 
which possessed elongate bracted stems with sessile elliptical leaves 
arranged alternately along most of their lengths . The musaceous herb 
group included two species, Musa textilis (including both cultivated 
and wild varieties) and a wild banana, Musa sp . ; both were tree-like 
in appearance with their stems un - branched and sheathed by the petioles 
of large leaves . 
The fourth group, tree ferns, comprised two distinghishable 
species, Cyathea contaminans and~- elmeri, both of which had a stout, 
erect, dictyostelic, unbranched 'trunk' with large leaves arranged 
spirally in a terminal crown . The last two groups were distinguished 
from all others by being woody trees with branched stems . The 
distinction between the two was less easily defined, however; it was 
based on relative softness of wood, size at maturity and certain leaf 
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characters . Species placed in group 5 seldom attained a height greater 
than 20 m. and often possessed leaves which were large, pale green and 
non- leathery . In addition, most had relatively soft wood that was 
easily cut with a machete . In contrast, species placed in group 6 
attained a variety of heights at maturity but many exceeded 20 m. and 
some reached 40 m. Their leaves tended to be small, dark green and 
leathery . Small woody shrubs and vines were an anomalous group which, 
for convenience, were placed with small herbs . They did not constitute 
more than a very small proportion of the total vegetation mass in any 
one stand . 
Richards (1952) includes the following among discriminants of 
secondary forest trees : 
1) intolerance of shade, 
2) the possession of an efficient means of dispersal, 
3) the ability to grow rapidly, 
4) a small maximum height and trunk diameter at maturity, 
5) soft textured and low density timber, and 
6) leaves paler in colour and of a less uniform shape and 
size than those of primary forest trees. 
Several of the criteria used were thus ecological . In fact, 
these ecological criteria were usually in accord with the morphological 
ones used to distinguish secondary trees in the study area, but their 
use was intentionally avoided to prevent the development of a circular 
argument . Ross (1954), in his work on secondary rain forest vegetation 
in Nigeria, makes a similar separation of woody tree species . He 
separates 'those which are normally present in the mature primary forest 
of the area and those which are not' although admitting that each group 
contained ecologically diverse species. He qualifies this ecological 
separation by characterizing the secondary forest species as 1 quick 
growing soft -wood trees which rapidly reach heights of 50- 80 ft. 
(15 - 24 m.) ... The majority of these species have very short lives' . 
In his primary forest tree group he makes a further separation into 
undergrowth and canopy trees : 
The crowns of the latter (canopy) class in their mature state 
are in environmental conditions not very different from those 
at the ground level in the early stages of secondary succession . 
This is probably the explanation of the fact that canopy species 
are much more common in the early stages of secondary 
succession. 
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Such a distinction did not seem to be appropriate in the study area, 
although proof of this would require far more extensive sampling than 
that undertaken . While seedlings of the large primary forest trees 
such as cf . Shorea almon and Lithocarpus spp . were sampled in the 
regrowth stands, so also were smaller woody forest plants such as 
Syzygium sp., Ficus sp. and Ardisia sp. In addition, even if the 
distinction of these two groups had appeared justified in the study 
area , Ross 1 explanation of it seemed not to apply since environmental 
conditions even in young regrowth stands approximated those experienced 
in primary forest (Chapter 5). 
In Figure 20 histograms of the percent mass contributed by 
each of these six groups to each stand have been plotted. As can be 
seen, much of the mass in most stands was contributed by a single life 
form; in 8 of the 18 stands one group contributed more than 80 percent 
of the total stand mass, whilst in four other stands one group 
contributed between 60 and 80 percent . In no stand did the predominant 
life form contribute less than 30 percent to the stand mass. While the 
overall picture, therefore, was one of overwhelming predominance by 
a single life form, a number of stands did not conform to this pattern; 
in stands 2, 7, 8, 11 and 18 the predominant life form contributed less 
than 50 percent to the stand mass . The occurrence of these transitional 
stands is not unexpected in view of the certain instability of the 
vegetation being studied . What is notable, however, is that, despite 
this instability, so few transitional stands occurred . 
STAND DESCRIPTIONS 
STANDS IN WHICH SMALL HERBS PREDOMINATED (1, 14, 15, 16) 
These were characterized by low total plant mass, most of which 
was concentrated in the intermediate layer (Table 12), and species 
otherwise common ·as weeds in cultivated fields. Each stand had under -
gone differing degrees of disturbance, however, and their floristic 
compositions appeared to reflect this . In stand 1, where past disturbance 
had been light, 48 species were sampled and several herb species were 
F~~e~ 
Histograms of the per cent mass contributed by each of six 
life forms to the eighteen sampled stands . 
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prominent. Notable among these was Paspalum conjugatum which contributed 
38 per cent of the total stand mass, Microglossa pyrifolia (12 per cent), 
Pteridium a quilinum (9 per cent), and Imperata cylindrica var . major 
(6 per cent) . The last two species appeared to be mutually exclusive 
and were never seen occurring together; in stand 1 each was prominent 
in a separate portion of the stand (Plate 6), a feature repeatedly 
obse r ved in other he r baceous vegetation of the area. The other, more 
intensely disturbed stands were floristically poorer and a single specie~ 
tended to be overwhelmingly prominent . Most species present in these 
other stands also occurred in stand 1. In stand 15, where only 21 
species were counted, 16 were common to stand 1 and two species, 
Imperata cylindrica var. major and? Eclipta sp., were overwhelmingly 
prominent, contributing 69 per cent and 21 per cent to the stand mass 
r espectively (Plate 7, 8) . Twenty - three species were sampled in stand 
14, sixteen of these also occurring in stand 1 . In this stand, the 
tall bunch grass Panicum maximum made up 75 per cent of the total stand 
mass (Plate 9) . In stand 16, twent y- six species were sampled, seventeen 
of which also occurred in stand 1, while a greater number of species 
were prominent : Imperata cylindrica var . major made up 17 per cent of 
the stand mass; Setaria palmifolia, 10 per cent; Paspalum conjugatum, 
10 percent; and a fern, Nephrolepis sp . , 9 per cent (Plate 10) . 
The prominent herbaceous layer in each stand appeared to be 
maintaining itself adequately; the percentages of intermediate layer 
herb species also sampled in the ground layer were as follows : 
Stand 1 78% 
Stand 14 70% 
Stand 15 89% 
Stand 16 56% 
It cannot be inferred from this, however, that micro - environmental 
conditions beneath the herb layers were adequate for the sexual 
reproduction of component species . Many species were reproducing 
vegetatively and under such conditions only the creation of an environ-
ment unsuitable to the parent plant (such as overtopping by trees) 
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Tab l e 12 
STRUCTURE AND FLORISTIC RICHNESS OF SAMPLED STANDS 
2 Stand Mass (kg . / m. ) No . of 
seecie s 
Ground layer Intermediate Over storey Tot a l 
- -l ayer 
0- 70 cm . 70-3 00 cm . 300 cm . + 
1 1.05 1.85 0 . 21 3 . 11 48 
2 o. 61 1.81 1. 50 3 . 92 46 
3 0.41 0 . 99 10 .22 11 . 68 77 
4 0 . 25 1. 78 6.10 8 . 13 55 
5 0.18 0.40 12. 77 13 . 36 93 
6 0 . 51 1.10 10 . 25 11.86 66 
7 0.57 1. 51 6.22 8 .3 1 46 
8 0.23 1.14 10.2 1 11. 5 7 61 
9 0.29 0 . 39 9 . 63 10 . 31 61 
10 0 . 25 0 . 72 12 . 58 13 . 56 50 
11 0 . 13 1.00 35 . 92 37 . 05 78 
12 0 . 27 0 . 52 41 . 13 41 . 92 81 
13 0 . 14 0 . 74 111 9 . 58 1120 . 46 86 
14 0 . 17 6 . 72 1.34 8 . 24 23 
15 0 . 12 1.46 - 1. 58 21 
16 0 . 25 2 . 14 0 .32 2. 71 26 
17 0 .36 1. 84 53.17 55.38 91 
18 0.31 1. 73 0 . 22 2 . 25 104 
Plate 6 
External view of stand 1. Pteridium aquilinum 
p~edominates on the right- hand side of the photograph 
and Imperata cylindrica var . major on the left-hand 
side . Remnants of Musa textilis, planted before 
site abandonment, are scattered tnroughout the stand. 
Plate 7 
Stand 15 . Imperata cylindrica var . major predominates . 
An isolated patch of iscanthus floridulus(not sampled) 
can be seen in the background . 
Plate 8 
A section of stand 15 . The dense mat of Imoerata 
cylindrica var . major is interspersed with scattered 
Nephrolepis sp . and Elephantopus mollis (listed in 
the text as? ~clipta sp . ). 
Plate 9 
tand 14. Panicum maximum forms large bunches 6 m. 
in height which are closely spaced and cast a heavy 
shade at ground level. A large remnant forest tree 
( cf . Shorea almon) can be seen in the background . 
Plate 10 
Stand 16 . A viev1 along tLe trail made beside tLe 
sampling quadrats . 
and young softwood 
herb layer . 
An abundance of Hornstedtia sp . 
trees are emerging from tne thick 
Plate 11 
A section of stand 16 . Yolll'lg softwood trees are 
emerging from the dense mat of L11perata c;rlindrica 
var . maj or and other grassland herbs . On the right , 
Omalanthus cf . populneus and Clerodendrum sp .; in the 
centre , Omalanthus cf . sur1gaoens ; on the left , 
Trema orientalis . (A pen in the centre foreground 
for scale ). 
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could lead to elimination of these species. 
The prominence of life forms other than herbs is given in 
Table 13. Hardwood tree species were absent from all stands while the 
musaceous herbs were all remnants of cultivated Musa textilis. All 
stands contained both large zingiberaceous herbs but only in stand 16 
did they appear to be assuming a prominent position. All stands 
contained some softwood tree species (mainly seedlings) but only in 
stand 16 were there large numbers of these (Plate 11) . In stand 14, 
almost the total softwood tree weight was composed of two senescent 
individuals, one of Ficus sp. and the other of Mallotus paniculatus. 
0 1 . d 1 . ·1 l f n yin stan were Juveni e tree erns prominent. To conclude, 
therefore, it appeared that in stand 1 either zingiberaceous herbs, 
softwood trees or tree ferns may evenutally have assumed a predominant 
position in the stand . Stand 16 appeared to be well on the way to 
shared predominance between zingiberaceous herbs and softwood trees 
with no sign that tree ferns may have eventually achieved a predominant 
position in the stand. The future of stand 14 was uncertain; although 
it possessed some juvenile plants of larger life form types, its 23 - year 
age suggested that it had been in a relatively stable state and that 
few of these juvenile plants would eventually reach maturity . Stand 15 
was in all respects depauperate of plants of taller life form and it 
seemed likely that any change would be, at best, a lengthy process. 
STANDS IN WHICH SOFTWOOD TREES PREDOMINATED (3, 4, 5, 6) 
These stands were characterized by a moderate plant mass (8 - 14 
kg . per sq . m.) and an overstorey largely made up of softwood trees . In 
most stands a single softwood species predominated. Intermediate layer 
mass in these stands approximated 1 kg . per sq .m. and ground layer mass 
0 . 5 kg . per sq.m. Despite these gross similarities, these stands 
differed markedly in detail . While stand 3 and 6 were of similar age, 
stand 4 and 5 were far older. Total plant mass in these first two 
stands was similar (11 . 7 and 11 . 9 kg . per sq.m . , respectively), while 
1 The term 'juvenile ' is applied, in this chapter, to plants of under 
300 cm . in height which, when mature, exceeded this height, and to plants 
under 70 cm . in height which, when mature, reached a height of 70- 300 cm . 
Table 13 
THE PROMINENCE OF CYrHER LIFE- FORMS IN STANDS IN WHICH SMALL HERBS PREDOMINATED 
Stand Large Musaceous Large Zingiberaceous Softwooded trees Tree ferns 
Herbs Herbs 
Spp. S . F. %M 
I %M %M %M Spp. S. F. Spp. S. F. Spp. S. F. 
-
1 1 4 4 . 75 2 8 0. 63 6 17 2 . 54 1 21 5. 92 
14 1 8 2 . 80 2 10 0.25 5 11 11. 79 1 5 1. 96 
-
15 - - - 2 2 Tr. 4 5 1.21 1 1 Tr . 
-
16 1 3 3.54 2 24 23 . 25 5 30 11.53 - - -
I I I 
- '- -
S.F . - Summed fr e quency 
%M - % of total plant mass contribut ed by this type 
Hardwooded trees 
Spp . S. F. o/oM 
- - -
-
-
-
-
. -- -
---
-
-
-
-
- -
-
\.0 
"' 
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between stand 4 and 5 a greater difference existed (8.1 and 13.4 kg . 
pe r sq . m., respectively) . The floristic richness of these stands also 
varied (Table 12) but all were richer in this respect than the stands 
in which small herbs predominated . 
In stand 3 the softwood Omalanthus cf . surigaoense predominated, 
making up 72 per cent of the stand mass and forming an even canopy at 
approximat ely 12 m. height (Plate 12) . The only other overstorey plants 
of significant size were Musa sp . (7 per cent of total weight), the 
wild variety of Musa t extilis (6 per cent) and the softwood Alphitonia 
incana (3 . 6 per cent) . All trees were small and densely distributed; 
none exceeded 200 sq . cm . in basal area and densi t y averaged one tree 
every 2 . 2 sq . m. (Plate 13). Despite a similar age, history and location , 
stand 6 was of markedly different charac ter . Trema orientalis was the 
marginally predominant tree making up 25 per cent of the total plant 
mass . Omalanthus cf . surigaoense contributed 24 per cent to the stand 
mass and Cyathea spp. a similar proportion . Wild abaca and wild banana 
were also present, however, making up 2.2 and 3.8 per cent of the stand 
mass respectively. The canopy formed by this mixture of species was 
far less uniform than that of stand 3 and, indeed, could hardly be 
termed continuous . Most trees attained a height of 15 - 20 m. but tree 
density averaged only one tree every 6 . 4 sq. m. and large openings occurred 
throughout the stand (Plate 14) . Thus, despite having had a total mass 
similar to that of stand 3, the arrangement of this was markedly different . 
In stand 5, Mallotus paniculatus was the predominant species 
and made up 65 per cent of the plant mass . Other prominent species in 
the overstorey were Indet . 1958 (14 per cent) and Cyathea spp . (3 . 2 per 
cent) . A uniform cano py at 10- 12 m. was similar to that of stand 3, 
as was the tree density of one tree every 1 . 9 sq.m . In contrast to the 
still vigorous growth of softwood trees in t he above three stands, those 
in stand 4 were moribund and many had, at the time of sampling , already 
died . As a result, the overstorey mass only contributed 75 per cent of 
the total stand mass (Table 12) . The large number of dead and dying 
Omalanthus cf . surigaoense in the stand suggested that this was formerly 
Plate 12 
~xternal view of stand 3. Omalanthus cf . surigaoense 
forms a continuous even canopy at 12 m. 
Plate 13 
The interior of stand 3o The trees are small and 
densely distributed . The w1dergrowth is a mixture 01' 
regrowth and forest herbs wi tl1 appreciable numbers of 
hardwood tree seedlings present . 
Plate 14 
An opening in stand 6. A variety of tree species make 
up the broken and irregular canopy at 15- 20 m. 
Undergrowth includes Hornstedtia sp., young Cyathea spp., 
and !.fusa spp. , while Pasoalum comugatum covers nost of 
the ground . 
Plate 15 
Stand 4
0 
The canopy of softwood trees is breaking up 
and a layer of small herbs and Hornstedtia sp . is 
appearing . 
98 
the predominant species. At the time of sampling, however , it contributed 
only 9 . 3 per cent of the total plant mass and predominance had passed 
to the small softwood Ficus sp . (27 per cent) which in most other stands 
seldom attained canopy height. Other prominent trees in the overstorey 
were Mallotus paniculatus (9 . 2 per cent), Clerodendrum sp . (8.4 per cent) 
and Melastoma cf . polyanthum (3.9 per cent), and a cultigen remnant, 
Musa textilis (10.6 per cent). 
In none of the four stands were the predominant softwood trees 
maintaining themselves adequately, and in stand 4 the death of old trees 
had left gaps in the canopy (Plate 15). The summed frequencies of 
juvenile softwood trees was as follows : 
Stand 3 
Stand 4 
Stand 5 
Stand 6 
surrnned frequency 
summed frequency 
surrnned frequency 
summed frequency 
11 
6 
6 
5 
It seemed probable that, unless some other life form group of 
canopy plants emerged to replace the softwood trees in these stands, 
their eventual fate would be a return to herb predominance as the 
canopies degenerated. 
The prominence of life forms other than softwood trees is 
given in Table 14 which illustrates the considerable variation in the 
prominence of these types that existed in these stands . Only in stand 4 
were herbs of any importance; these possibly represented the re-emergence 
of a herb layer as the canopy degenerated. Also prominent in stand 4 
was Hornstedtia sp. which suggested that this species may have eventually 
shared predominance with smaller herbs . Stand 6 possessed many juvenile 
tree ferns; whether these eventually predominated depended upon the 
longevity of the currently predominating softwood trees and as many of 
these were Trema orientalis, a large - growing and long-lived species, the 
likelihood of this event occurring seemed remote. A distinction must 
be made between the longer-lived and often larger-growing softwood trees 
of the area, such as Trema orientalis and Mallotus paniculatus, which 
may live for some 30 years and attain heights comparable to those of 
Table 14 
THE PROMINENCE OF OTHER LIFE FORMS IN STANDS IN WHICH SOFTWOOD TREES PREDOMINATED 
Stand Small Herbs, Large Musaceous Large Zingiberaceous Softwooded trees 
etc . Herbs Herbs 
Spp . %M Spp . S.F. %M Spp. S. F. %M Spp . S . F. %M 
-
3 45 7 . 3 2 13 8.7 2 8 2.1 1 10 1. 9 
4 36 15 . 9 2 4 1.0 1 12 5 . 5 1 6 5 . 5 
5 42 2.9 2 4 0.9 1 12 0 . 9 1 11 3 . 3 
6 35 8 . 0 2 6 8 . 9 1 5 0.8 1 15 25 . 6 
S . F . Summe d frequency 
%M % of total plant mass contributed by this type 
Har dwooded trees 
Spp . S . F . %M 
15 21 0 . 8 
4 5 0 . 6 
37 94 20 .0 
16 18 3 . 0 
<.O 
<.O 
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many forest canopy trees, and the shorter-lived and smaller species, 
typified by Omalanthus spp . , which appeared to reach maturity at about 
10 years and to die after 15 years of age. Where the former group is 
present in a stand, predominance may pass directly from softwood to 
hardwood forest trees, tree ferns, if present, remaining suppressed. 
Where the latter group occurs in a stand their early death allows tree 
ferns, if present in sufficient numbers , even tually to predominate in 
the stand . Stand 5 possessed the richest variety of hardwood tree species 
while stand 3 and 6 both possessed appreciable numbers. Only in stand 4 
were they few. 
STANDS IN WHICH TREE FERNS PREDOMINATED (9, 10) 
Both stands were characterized by a predominance of tree ferns, 
the foliage of which formed a thin, but continuous, canopy at 6-7 m. 
(Plates 16, 17) . In stand 9 these constituted 91 pe r cent of the plant 
mass and in stand 10, 85 per cent . Despite the greater age of these 
stands, their total plant mass was similar to that of stands with soft -
wood trees predominant (Table 12). Beneath the canopy, undergrowth was 
light with little mass in either intermediate or ground layers (Plates 
18, 19). Around the base of each fern a dense mat of roots had developed, 
often covered by a cone of Ellen fronds, which appeared efficiently to 
suppress undergrowth . The tree densities of the two stands were of 
similar magnitudes, stand 9 having one tree every 6 . 1 sq.m . and stand 10, 
one tree every 4 . 4 sq . m. Neither stand was floristically rich; the 
stand 9 sample contained 61 species and the stand 10 sample 51 species. 
The predominant tree ferns in both stands appeared to be reproducing 
themselves satisfactorily in situ; in stand 9, sixteen, and in stand 10, 
thirteen, of the twenty - one quadrats sampled in each, contained juvenile 
Cyathea spp. 
The prominence of other life forms is given in Table 15, where 
it can be seen that both stands were markedly similar in respect of these . 
The content of small herbs, zingiberaceous herbs and Musa spp . was low 
in both stands and only small numbers of softwood trees were establishing 
themselves . Most of this last group was the structurally small Melastoma 
Plate 16 
External view of st.:..."d 9. Cyat hea spp . are almost 
exclusively predominant . Only occasional mature 
softwood trees emerge through the low (6- 7 m.) canopy. 
Plate 17 
A section of stand 10. Cyathea spp . form a thin, 
but continuous , canopy. The presence of smaller tree 
ferns of all sizes beneath the canopy indicates 
successful reproduction in situ. 
Plate 18 
The interior of sta'1d 10. large cone 01' aead .Lronds 
urrounds the lower trunks of tl1e tree ferns in t11e 
right foreground . 
Plate 19 
The interior of stand 9. On the right can be seen 
the rhizomatous fern J!istiopte:cis i~cisa which, with 
Gleichenia spp ., occurred as a dense thicket in 
occasional openi.1gs in stands of tree ferns . 
Table 15 
THE PROMINENCE OF OTHER LIFE FORMS IN STANDS IN WHICH TREE FERNS PREDOMINATED 
- --- -
Stand Small Herbs, Large Musaceous Large Zingiberaceous Softwooded tFees 
etc . Herbs Herbs 
Spp . %M Spp . 
~ . F. %M Spp. S . F. %M Spp . S. F. %M 
9 45 5.13 2 4 0 . 83 2 9 0.30 6 27 2.54 
10 32 6 . 48 2 4 2 . 49 2 17 1.51 3 11 2.58 
S . F. = Summe d fr e quency 
%M = % of total plant mass contribute d by this type 
-
--
Hardwooded trees 
Spp . S. F. 
6 7 
10 16 
%M 
0.04 
- - - -
2.24 
I-' 
0 
I-' 
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cf . polyanthum and Ficus sp . neither of which was capable of attaining 
a stature sufficiently large to overtop the tree fern canopy. Hardwood 
tree s were es tablishing only sporadically and it seemed probable that 
conside rable time would elapse befo r e these replaced the tree ferns as 
the predominant life forms of the stands . To conclude , therefore, the 
two stands were remarkably similar . Casual observations in other 
unsampled stands confirmed the general similarity of all regrowth 
vegetation in which tree ferns predomina t ed . 
STAND WITH HARDWOOD TREES PREDOMINANT (12) 
The history of th is stand has been discussed in some detail in 
Chapt e r 1 . Hardwood trees made up 95 per cent of the stand mass and 
formed an irregular, but closed,canopy at 20-3 0 m. height (Plate 3). 
Tree density (one tree every 5 . 8 sq . m. ) was low in comparison with other 
regrowth stands although slightly higher than that of the primary forest 
stand (one tree every 6 . 9 sq.m . ) (Plate 20). The hardwood trees 
appeared to be reproducing themselves satisfactorily in situ ; twenty 
juvenile tree species were counted with a summed frequency of 44 . 
Othe r life forms we r e not prominent; zingiberaceous herbs and Musa spp . 
were absent, while herbs, none of which were typical field weeds, made 
up less than 1 pe r cent of the stand mass . Only a single softwood tree 
s eedling was r ecorded. Tree ferns were the only other prominent group, 
contributing 3.7 pe r cent of the stand mass. Juvenile tree ferns we r e 
r ecorded in half of the quadrats and they therefor e appeared to be 
main taining themselves , if only as a subordinat e stratum. 
STANDS IN WHICH THE PREDOMINANT LIFE FORM CONTRIBUTED LESS THAN 
50 PER CENT TO THE STAND MASS 
These stands appeared to be ei ther in a transitional phase 
between.predominance o f one of the several life form t ype s given above 
or, as in stands 7 and 8 , were aberrations from an apparent successional 
trend from herb predominance to hardwood tree predominance via inter -
mediate stages of softwood and/or tree fern predominance . 
Stand 18 was a r latively young stand of low total plant mass 
(2 . 3 kg . pe r sq . m.) most of which was concentrated in the i nt e r mediate 
layer . While casual inspection suggested that young softwoods of 2- 3 m. 
Plate 20 
The interior of stand 12. lost of the undergrowth 
is composed of rosettes of young rattans (DaemonorOfS 
spp . ) and Freycinetia spp . 
Plate 21 
Stand 2. A photograp.1 taken one year before the stand 
was sampled when the site nad been abandoned for about 
18 months . Young softwoods (Omalanthus cf . surigaoense 
and _Qo cf . populneus) have emerged from the herb layer 
of Pteridium aquilinum and Paspalum conjUf,atum. 
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height were predominant in the stand, sampling revealed that these made 
up only 22 per cent of the total mass, while wild banana made up 46 per 
cent of it. Probably, softwood tree species were in process of over-
topping a stand composed of juvenile forms of Musa sp ., Omalanthus cf . 
surigaoense was the most common softwood tree; it occurred in 13 of the 
18 quadrats count ed and constituted 8.7 per cent of the stand mass . 
Other common softwoods were Mallotus paniculatus (3.1 per cent), 
Omalanthus cf . populneus (4 . 8 per cent) and Trema orientalis (3 . 5 per 
cent). 
At the time of sampling it was impossible to determine the 
degree to which the prominent trees might regenerate as all individuals 
were still juvenile . Although, when first seen in early 1964, the site 
was covered by small herbs (mainly composites), a year later these 
constituted only 19 per cent of the stand. Zingiberaceous herbs made 
up only 0 . 6 per cent of the stand and appeared destined for extinction, 
while tree ferns made up 2.4 per cent of the mass but were counted in 
only 5 quadrats. Of greatest interest was the number of hardwood tree 
seedlings present in the ground layer (21 species with a summed frequency 
of 42), which was comparable with the numbers sampled in primary forest . 
This large number of forest species, together with a full complement 
of regrowth type species, made this floristically the richest stand 
sampled with 105 species recorded (Table 12). Clearly this stand 
possessed the potential seedling population to ensure eventual re-
establishment of the forest. 
Stand 2 was analagous to stand 18 in that young softwood trees 
were beginning to predominate (Plate 21). Here, however, they were over-
topping an established herb layer instead of young Musa sp ., and were of 
more patchy distribution than in stand 18, an apparent reflection of 
less successful germination. Floristic richness was less than half 
that of stand 18 and only 45 species were recorded. The commonest soft -
wood tree was again Omalanthus cf. surigaoense which contributed 13 per 
cent of the stand mass, while Omalanthus cf . populneus made up 11 per 
cent, Mallotus paniculat us, 4 . 1 per cent and Ficus sp ., 3 per cent of 
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the total stand mass . The herb layer was still prominent and 
constituted 35 per cent of the stand mass. Two species, Pteridium 
aguilinum and Paspalum conjugatum made up most of this group, each 
contributing 14 per cent of the total . The two zingiberaceous herbs 
constituted 10 per cent and Musa spp . remnants 18 per cent, of the total. 
Juvenile tree ferns were counted in 5 quadrats but constituted less than 
1 per cent of the total mass at the time of sampling. Only one hardwood 
tree seedling was counted. The immediate future of the stand, the refore, 
appeared to be predominance by softwood trees but, because these were 
mainly shorter - lived species, they may eventually have been replaced by 
tree ferns . It seemed that re - establishment of forest on the site would 
be an extremely slow process. 
Stand 7 was selected for sampling because it represented 
regrowth in which the large zingiberaceous herb Hornstedtia sp. appeared 
to predominate (Plates 22, 23). Sampling revealed, however, that, 
although it occurred in all quadrats, it constituted less than 22 per 
cent of the total stand mass, and patchily distributed softwoods and 
tree ferns each made up a greater percentage of the total (31 and 27 
per cent, respectively). Total stand mass was comparable to that of 
stand 4 (Table 12) . The most prominent tree was Mallotus paniculatus 
(16 per cent of total weight) but this species was restricted to a 
single clump. Clerodendrum sp . made up 6 . 9 per cent of the total while 
other softwood species contributed less than 2 per cent. Only 47 species 
were counted. Hornstedtia sp . , reproducing vegetatively by rhizomes, 
seemed to be maintaining its visually prominent position. Only 5 juvenile 
softwood tree species were recorded with a summed frequency of 13, while 
juvenile Cyathea spp . were counted in only 3 quadrats . Small herbs made 
up 4.9 per cent of the stand mass, a surprisingly low proportion in view 
of the light shade cast by Hornstedtia sp . Only a single hardwood 
sapling was counted . There did not appear to be any prospect for drastic 
change in this stand in the near future . Because of the poor establish-
ment of softwood species and tree ferns, it seemed that these would 
continue to be patchily distributed if they did not yield completely to 
Plate 22 
External view of stand 7. The stand is composed of 
a dense thicket of Hornstedtia sp . anong which is 
scattered isolated individuals and clu11ps of tree ferns 
and softwood trees (Clerodendrum sp . in the left 
foreground) . 
Plate 23 
The interior of stand 7. Despite the light shade cast 
by Hornstedtia sp., the herb layer is comparatively 
sparse . Setaria palmifolia and Elephantopus mollis 
( listed in the text as? Lclipta sp .) are the most 
pr ominent species . 
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competition from the spreading Hornstedtia sp . 
Although tree ferns were the predominant group in stand 8, they 
only made up 31 percent of the total mass, while softwood trees made up 
24 per cent and Musa textilis 22 per cent . These features served to 
distinguish the stand from numbers 9 and 10. Total plant mass and 
floristic variety were similar to those of these stands, however, (11.6 
kg . pe r s q. m. and 61 species ). The prominent position of Musa textilis 
was probably the result of periodic harvesting of the mature stalks by 
local farmers, a continual disturbance that may also have accounted for 
the high proportion of softwood trees . Several species of this life 
form were present, the most prominent being Clerodendrum sp. (14 per cent), 
Macaranga aleuritoides (5 . 9 per cent), Ficus sp. (4 . 4 per cent), and 
Omalanthus cf . surigaoense (2 . 5 per cent) . All groups in the overstorey 
seemed to be maintaining themselves ; juvenile Cyathea spp . occurred in 
12 quadrats while 6 species of softwood trees, with a summed frequency 
of 16, were recorded . Musa textilis appeared to be reproducing 
vegetatively . Small herbs made up 13 per cent of the stand mass although 
no single species made up more than 0.5 per cent; zingiberaceous herbs 
made up 3.9 per cent of total stand mass. Seven species of hardwood 
trees, with a summed frequency of 9, were recorded, but only one had 
attained a height of over 3 m. As the structurally prominent species 
in the stand were maintaining themselves, it seemed likely that the stand 
would change little in appearance until the hardwood trees matured. 
Although of similar age and history to stand 12, stand 11 had 
a somewhat different composition, softwood trees being prominent there 
at the time of sampling . Average total stand mass was comparable (37 . 1 
against 41 . 9 kg . per sq . m. ), however, as was floristic richness (78 
against 81 species). Tree density at one tree every 6 . 4 sq .m., and 
canopy height at 15 - 30 m., were also similar, although the latter feature 
had greater range in stand 11 (Plate 24) . Softwood trees made up 47 per 
cent of the stand mass, most of this being contributed by Mallotus 
paniculatus (35 per cent) and Trema orientali~ (6.8 per cent) . Hardwood 
trees made up 43 per cent of the stand mass, the component species being 
Plate 24 
The interior of stand 11. The irregular canopy is 
composed of hardwood trees , softwood trees and some 
very tall tree fernso 
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more numerous . Lauraceae sp . comprised 12 per cent, Lithocarpus sp., 
7.3 per cent, Lithocarpus sp ., 8.4 per cent, cf. Syzygium sp., 7 . 7 per 
cent, and cf. Geunsia sp., 4.8 per cent of the total stand mass . These 
hardwood trees appeared to be reproducing themselves more successfully 
than the softwoods ; while only four softwood species with a summed 
frequency of 5 were counted, nine hardwood species with a summed frequency 
of 10 were r ecorded . Tree ferns made up 8 per cent of the stand mass 
and juvenile forms were counted in 11 quadrats . Neither Musa spp . nor 
any large zingiberaceous herbs were present, and small herbs contributed 
only 1 . 7 per centto the stand mass , a figure comparable to that in 
primary forest . It seemed certain that this stand would proceed 
steadily toward complete predominance by hardwood trees and the re -
establishment of the forest ecosystem . 
Stand 17 was unique among the sampled stands in not having under -
gone complete clearance. Logging had removed the larger trees and, at 
the time of sampling, medium and small hardwood trees were predominant, 
making up 97 per cent of the stand . Plant mass had been severely 
reduced from the levels of primary forest and only amounted to 55.4 kg . 
per sq . m. An abundance of regrowth species had entered the stand but 
these constituted only a minor portion of the total mass . Of great 
interest were the numbers of juvenile hardwood trees; twenty-six species 
were counted with a summed frequency of 63 . Most were relatively large 
and appeared to have germinated prior to logging; moreover, none of 
them were dying in the changed micro - environment. At the time of 
sampling most were soon to be overtopped by regrowth species and 
returned to a less hostile micro - environment , and it seemed likely, 
th refore, that these seedlings would survive and eventually fill the 
canopy gaps . Whether the trees that were left standing survived is 
uncertain; many had been damaged but none showed signs o impending 
death at the time of sampling . However, the observations reported in 
Chapt r 1 f rom older remnants of hardwood forest suggest that they might 
v ntually have succu mb d . While the abundant hardwood seedlings 
nsur d an ventual r eturn to forest, the speed with which the structure 
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was to be restored depended upon whether or not already advanced growth 
left standing survived . 
CONCLUSIONS AND THE RELATION OF STAND STRUCTURE TO TIME 
A high proportion of the stands sampled could be classified 
into distinct classes on the basis of an overwhelming predominance by 
a single life - form. As stands were selected (with as little bias as 
possible) as representative of the secondary vegetation of the area, 
the same conclusions can be extended to this. The main life form types 
were small herbs, softwood trees, tree ferns and hardwood trees, each 
of which made up more than 50 per cent of the mass in at least one stand . 
Although stands within each class differed in detail , each showed distinct 
gross similarities in vertical arrangement of mass and in tree density. 
A more detailed examination of the stands revealed that only 
stand 12, in which hardwood trees predominated, was in a stable self-
perpetuating state. Both the hardwood trees and the subordinate tree 
ferns were reproducing themselves in numbers comparable to those in 
primary forest and other life forms were virtually excluded from the 
stand . In all other stands, even where the predominant life form group 
was reproducing itself, some juvenile plants of other, larger, life 
forms were established, indicating an inherent instability in these stands . 
Attempts to relate stand structure to time inevitably involve 
using variation observed in space to interpret a sequence in time. The 
justification for doing this, although it hinges on circumstantial 
evidence, is thought sufficiently strong to permit such an interpretation. 
In the first place, stands could be dated with some accuracy and were 
not, therefore, merely elements of a spatial mosaic of unknown history. 
Secondly, they occupied an area of generally similar macro - environmen t, 
which would be expected to reduce selective effects un-related to time . 
Thirdly, the stands were sufficiently close to each other to permit the 
assumption that they were drawing from roughly the same source population 
of species . Fourthly, the instability of all stands (save stand 12) 
illustrated the likelihood that no stand was going to maintain the structure , 
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observed at the time of sampling over an extended period . Finally, my 
own observations over a 20 month period confirmed this instability in 
the youngest stands, while local informants could attest to the changes 
that had taken place in the older stands . These arguments are though 
sufficient to permit the use of data derived from sampled stands to 
interpret gross (but not detailed) structural changes that take place in 
the secondary vegetation of the study area. 
If the main structural elements (life forms) occurring in the 
vegetation are related to age of the stands, several salient points emerge . 
(1) It was only in the younger stands that small herbs 
predominated; stand 14 was the single exception to this. 
(2) Conversely, hardwood trees were only prominent in the two 
oldest stands, numbers 11 and 12 . 
(3) Stands of intermediate ages had, as their predominant life 
form, either softwood trees or tree ferns. 
These points have been illustrated in Figure 21 where the percentages of 
total stand mass of the four groups (plus the two morphological groups 
of large herbs) are plotted against time. For clarity, the means of 
stands in 5 - year age periods have been used . It is inferred from this 
evidence that structure of secondary vegetation occupying a given site 
in the study area changed progressively (although not necessarily at a 
uniform rate) from being composed predominantly of small herbs to being 
composed predominantly of hardwood trees through a number of intermediate 
structures, also with a single life form predominant which was commonly 
either softwood trees or tree ferns of both. Chapter 5, which follows , 
is a critical examination of this staged succession of life forms. It 
attempts to determine whether it is the product of a parallel staging 
of species populations and if this is not the case, the exact cause to 
which it must be attributed. 
Figure 21 
The change with time since site abandonment of the prominence 
of six life _arms present in the secondary vegetation of the 
study area. 
Mean ¾ of 
Stand Moss 
Meo n °/. of 
St and Moss 
Mean •;. of 
Stand Niau 
70 
60 
50 
40 
30 
20 
10 
60 
40 
20 
10 
20 
10 
. 
\ 
I 
\ 
I 
I 
I 
I 
\ 
\ 
\ 
\ ~ 
\ I \ 
I 
I 
I 
. 
I 
I 
I 
I 
4 
I 
\ I \ 
\ I \ 
\ I \ 
\ I \ 
\ I \ 
\ I \ \ I 
\ I 
\ I 
\ I 
\ I 
\ / 
\ I 
•-- s,,,a,1 I 
---- He,b• I 
---.:.~10. : 
"-................ I 
..... ._..., I 
-. . 
_ _:H~o~,d~w~o~o~d~_:T;_r•:.:'='====:_-
8 
• So , .,,,,,.,0 
I ,,ot:1 
I ,,.>-"•• 
I ',• 
12 16 
Time (yrs .) 
./ 
20 
. 
/\ 
/ \ 
I \ 
\ 
24 
I ', I ' 
\ 
\ 
I ' 
I 
' 
'' 
/ \ 
I 
I 
• 
,._,• 
• 
...... 
\ 
...... 
', I 
' I 
'• 
\ 
\ 
\ 
\ 
I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
' \ 
/ -~ 
• 
4 8 
..... 
'' 
/ '',,, : _____ _ . <> 0 ~ 
. 
4 8 
12 16 20 24 
Time ( yrs .I 
---------·, 
', 
..... 
·---------:: : ---
12 16 20 24 
Ti me ( yrs I 
28 
28 
28 
109 
CHAPTER 5 
SECONDARY PLANT SUCCESSION IN THE STUDY AREA 
Secondary plant succession in the vegetation of the study area 
was selected for detailed investigation for two reasons: firstly, it 
is in its e lf an interesting topic about which much has been written but 
little proven and, secondly, it forms the basis of a later consideration 
of the relevance of a stand 1 s age to its flora and structure. Clements 
(1928), to whom the first clear enunciation of the concept of plant 
succession must be attributed, recognized successional stages on 
floristic, structural and even habitat characteristics. Subsequent 
discussion of the concept, however, has tended to emphasize the floristic 
aspect of plant succession (e . g . Whittaker 1953). The term succession 
is used in this study to refer to any elimination of an attribute 
followed, in most cases, by its replacement with another, different, 
attribute. As applied to vegetation, therefore, the term implies the 
elimination and replacement of a species or distinct structural element 
and does not include a generalized attribute, such as plant mass, which 
is entirely additive. In contrast to Clements 1 use of the t erm , 'plant 
succession 1 , as used here, does not imply a specific direction of change 
but only vegetation change itself of the type outlined above. 
In attempting an analysis of plant succession in the study area 
it is necessary, for the purposes of progressive analysis, to hold a 
number of un-related variables constant. The assumptions of a generally 
uniform macro-environment and source population of species have been 
introduced in a previous chapter. To these may be added the assumptions 
that all sites und rwent similar degrees of disturbance, began r e -
vegitation with similar viable propagule populations on or in the soil, 
and had, since abandonment, received a rain of viable propagules of 
similar composition from exte rnal sources . 
Th structural changes that were taking place in the study area, 
by the d finition of succession given above, can be r egarded as successional 
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they involved the successive elimination of distinct life form 
structural types from each stand followed by their replacement with 
other, equally distinct, types . Two possible explanations can be 
advanced for this structural succession. Firstly , it may have reflect ed 
the differing growth rates of an es tablished population of species, each 
group of species of similar life form maturing and dying successively. 
If this were the case, however, the succession would have become 
cyclical, and there was no evidence of this occ urring exce pt in stand 4 
where a herb layer seemed to be re-emerging after the death of the 
predominant softwoods. The comparison of species lists, moreover, 
revealed that many stands' floras were almost totall y different from 
those of other stands with the greatest differences t end ing to be between 
the youngest and oldest stands. It thus seemed that structural succession 
was more complex either involving some variation of the above hypothetical 
process or being of a totally different type. Such an alternative 
explanation is that the successive changes of structural types were the 
products of successive waves of invading species, a successional process 
appropriately termed 1 relay floristics' by Egler (1954). Both casual 
observations in the field and classical theories of plant succession 
support this second hypothesis which, in the sections that follow, is 
examined first. 
FLORISTIC SUCCESSION 
The successive elimination and replacement of species in a 
stand of vegetation may be accounted for in either of two ways . Firstly, 
it ~ay represent the summed effects of chance entrants into and discards 
from the stand . Chance discards from a stand are theoretically unlikely 
to occur, however, as conditions are optimal in terms of the colonization 
factor for self- maintenance of the flora ; the overwhelming proportion 
of propagules reaching the soil surface of a stand will be produced by 
the mature individuals of that stand leading to a strong t e ndency toward 
floristic stability . Chance ntrants into a stand cannot be discounted 
as a reason for change but, if the external propagule rain on a stand 
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has been constant throughout its revegetation, the total received will 
be small in comparison with that produced locally, and the plants so 
represented will have a correspondingly small chance of establishment . 
Chance entrants into , and discards from, the stand, the r e fore, cannot 
in themselves provide a satisfactory explanation for floristic succession. 
The sole alternative explanation is a change in the stand micro -
envi r onment, induced by the current vegetation, which inhibits the 
regeneration of its constituent species but permits that of other 
species . Such an inhibition may be absolute, precluding the establish -
ment of any offspring, or it may be relative, involving the production 
of a micro - environment in which offspring cannot compete successfully 
with new entrants . If this process occurs, the succeeding species will 
be representatives of the external propagule rain or of the propagules 
ly i ng dormant in the soil. This hypothesis of self- induced micro -
environmental changes is not new; it is the basis of the autogenic 
plant succession concept (Tansley 1935) of which there have been but 
few experimental examinations (Crocker and Major 1955; Olson 1958) . 
To examine whether this process was occurring in the vegetation 
of the study area, two series of tests were conducted : the first 
examined micro - environmental conditions of s t ands to determine whether 
changes were taking place and, if they were, the causes for them, while 
the second series examined the environmental conditions required for 
the establishment of various species . 
In both series of analyses all computations have been made 
using stand mean values for both micro - environmental phenomena and 
vege t ation characteristics . While soil chemical characteristics were 
measured on only a single sample from each stand, other micro - environmental 
phenomena were m asured at several points in each stand permitting 
correlations to be computed on a quadrat basis . While such a procedure 
would have permitted greater reliance to be placed on the conc l usions 
arrived at, it posed two difficulties : it would have necessitated two 
systems of analysis and it would have restricted the number of individual 
spec i es available for t reatment as few occurred with sufficient fre quency 
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in the q uadrats whose environments were being measured . Consequently, 
it was decided to treat all data on a stand basis, imposing certain 
minimum within - stand frequ e ncy requirements for the inclusion of an 
individual species in an analysis. Because of this use of stand means 
of measured micro - environmental phenomena, it is desirable to demonstrate, 
before embarking on analyses , that the micro - environmental conditions of 
stands were significantly differe nt . Stand means of all phenomena 
measured are summarised in Table 16 and the complete records listed in 
Appendix VI . Where subsamples within each stand were taken, an analysis 
of variance was carried out using stands as samples and quadrat -
measurements as attributes, and the resulting l evels of significance 
of the differences included in Table 16. 
The stand micro - environments were different at the 0 . 001 level 
of p r obability only in t e rms of pe r cent total radiation , daily max i mum 
and minimum air t e mperature differences and the mean annual soil 
moisture tension . Differences in the per cent blue radiation r ece ived 
were significant at the 0.01 level, and differences in per cent red 
radiation received at the 0 . 1 l eve l of probabilit y . Soil moisture spatial 
instability was significantly di f f e rent onl y at the 0 . 2 level of 
probability, and per cent g reen radiation r e ce ived was not significantly 
diffe rent even at this l evel . These results sugges t that within - stand 
variation in these latter two phenomena were too g reat to pe rmit much 
r e liance on correlations obtaine d using stand means. In t e rms of the 
other phenome na, however, the micro - environmen ts were sufficiently 
different to justify furth e r investigation into the causes of these and 
the !esponse of establishing plants to them. 
STAND MICRO - ENVIRONMENTAL CHANGES 
It is n e c e ssar y to distinguish between a numb e r of distinct 
types of micro - environmental change that may take place in an autogenic 
succe ssion . Some changes may take place as a stand ages regardle ss of 
vegetation typ while others may be produced by certain gross 
charact ristics of the vegetation itself such as its total mass or the 
mass occupying a given laye r . Othe rs still may be related to some more 
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detailed characteristics of the vegetation such as the prominence of a 
particular plant species or life form . In instances where time, or 
chang s in the gross structure of the vegetation , are inducing a micro -
e nvironmental change, attempts to correlate the prominence of a plant 
species or life form with the changing phenomenon will produce curious, 
and possibly misleading, results. Figure 22 is an idealized diagram 
showing the rise and fall of plant groups (sp cies or life form groups ) 
in a hypothetical succession together wi t h the change of an unrelated 
phenomenon. If either of the inte rmediate groups B or Care correlated 
with this phenomenon, a low coefficient will result as shown by the 
scatter diagram in Figure 23. If, however, stands sampled include 
terminal groups of plants in which only an increase or decrease in 
prominence is encountered (groups A and D) then a deceptively high and 
en tirely spurious coefficient may be recorded (Figure 24). As the stands 
sampl din the study area included a progressive decline in the prominence 
of small herbs in the younger stands and a progressive rise of hardwood 
trees in the older stands, this feature must be borne in mind when 
interpreting the r esults that follow . 
In instances where some plant group does, in fact , produce a 
change in some micro - environmental phenomenon, two extremes may occur . 
The change produced may be uni que, and the values for the phenomenon 
rise (or change) with the rise of the group and decline (or return to 
equilibrium) with its disappearance ( Figure 25): under such conditions 
a high and valid correlation coefficient will be recorded . Alternatively, 
an nvironmental change may be induced by a plant group and be maintained 
in a steady state thereafter despite the declin of the group (Figure 26) : 
under these conditions, a relatively low apparent correlation coefficient 
will b r corded that will not reveal the true nature of the r ela tionship . 
Clearly any numb r of intermediate conditions may be encountered between 
th se two extr mes . While all of the above examples are hypothetical, 
an appreciation of th possibilities that do exist enables a realistic 
interpr tation to be made of th results that follow . 
Tod tect the possibl causes of micro - environmental change, a 
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matrix of linear correlation coeff1.·c1.·ents between 20 · micro-environmental 
variables and 47 vegetation variables as well as time was computed . The 
47 vegetation variables, each assumed to be independent, included certain 
structural characteristics, life forms and individual species (Tables 17, 
18, 19, 20) . Clearly, the assumption of a linear relationship is a 
generalization ; nevertheless, it represents the simplest and most likely 
relationship and the one of greatest use in an exploratory study. The 
coefficients calculated provide a crude indication of possible r e lation-
ships and, possessing equal numbers of degrees of freedom, may be 
compared with each other. Where significant correlations were indicated, 
each relationship is more critically examined and coefficients are, in 
some instances, rej ec ted as spurious. 
The Effects of Stand Age 
When stand age was correlated with micro-environmental phenomena 
coefficients significant at the 0 . 05 probability level were recorded 
with the percentages of total, green and r ed radiation and daily maximum 
temperature depressions (Table 17). When compared with other coefficients 
computed between the same micro - environmental variables and vegetation 
characteristics (Tables 18, 19, 20) it is seen that these were the 
highest coefficients recorded. This suggests that stand age, irrespective 
of cover type, was producing insolation and daily maximum temperature 
changes on the ground . Correlations with the logarithims of stand age 
produced no appreciable increase in coefficient values, suggesting that 
the linear relationships were the more realistic. It must be emphasized 
that considerable changes in both radiation and daily maximum temperatures 
must have taken place in the brief (and un - sampled) period between bare 
ground site conditions and a complete herb cover; during this period, 
lasting no more than a few months, insolation had fallen from 100 per 
cent to below 25 per cent and daily maximum temperature depressions had 
1 - 2°C . incr as d from zero or positive values to approximate Y everthe -
less, there appeared to be a tendency thereafter for a progressive change 
with time irresp ctive of th predominating vegetation type . Thus, for 
example, stand 14, despite its predominant herb layer, had similar daily 
Figure 22 
The change of plant groups in a hypothetical succession, 
accompanied by a change in an un- related phenomenon. 
Figure 23 
The measured relationship between the prominence of an 
intermediate plant group in Figure 22 and the un- related 
micro- environmental phenomenon. 
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Figure 24 
The measured relationships between the terminal plant groups 
in Figure 22 and the un- related micro- environmental phenomenon. 
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Figure 25 
A unique micro- environmental change produced by a plant group 
in a hypothetical succession and the measured relationship 
between the two variables . 
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Figure 26 
A micro- environmental change produced by a plant group in a 
hypothetical succession, the micro- environmental condi tion 
remaining un- altered thereafter despite the decline in the 
group , and the measured relationship between these two variables . 
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Table 17 
LINEAR CORRELATION COEFFICIENTS OF TWENTY MICRO-ENVIRONMENTAL 
VARIABLES WITH STAND AGE AND LOG STAND AGE 
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(Coefficients significant at the 0.05 level of probability are underlined) 
Micro - environmen t al 
variable 
% Total radiation 
% Blue radiation 
% Green radiation 
% Red radiation 
Daily maximum temperature 
d . (oC) e press1.ons 
Da i ly minimum temperature 
differences (°C) 
Soil moisture spatial 
instability (cm . ) 
Soil moisture temporal 
instability (cm . ) 
Mean annual soil moisture 
condition (cm . ) 
So i1 pH (H2 0) 
Soil pH (KCl) 
% Carbon in surface soil 
% Nitrogen in surface soil 
CEC of surface soil 
p2o5 in surface soil (ppm) 
Exch : Ca in surface soil 
(meq/100 gm . ) 
Exch . Mg in surface soil 
(meq/100 gm.) 
Exch . Kin surface soil 
(meq/100 gm . ) 
Exch . Na in surface soil 
(meq / 100 gm . ) 
C/ N ratio of surface soil 
Correlation coefficients 
Stand Age 
-.689 
- . 329 
- . 708 
+. 724 
- .408 
- .126 
-. 189 
+ . 056 
- .146 
- .109 
+ . 204 
+ . 443 
+ . 400 
- .144 
+ . 026 
+. 273 
- . 066 
+ .308 
- . 030 
Log Stand Age 
- .608 
- .205 
-.508 
+. 738 
- .174 
-. 009 
- . 134 
- .022 
+ . 094 
+ . 019 
+.132 
+ . 200 
+ . 126 
+ . 102 
+ . 254 
+ . 388 
+ . 040 
+ . 344 
+ . 123 
Table 18 
LINEAR CORRELATION COEFFICIENTS OF HICRO-ENVIRONHENI'AL 
CONDITIONS WITH 1ltE MASS OF STAND VEGETATION 
(Coefficients significant at the 0.05 probability level 
a re underlined) 
Environmental variable Vegetation mass characteristics 
Ground 
Layer 
% Total radiation +.629 
1. Blue radiation +.319 
1. Green ra.diation +.427 
% Red radiation +.709 
Daily max. temp. -.566 
depressions (°C). 
Daily min. teijP• +.096 
differences ( c). 
Soil mois. spatial +.242 
instability. (ems tens) 
Soil mois. temporal +.036 
instability (ems tens) 
Mean annual soil mois. -.107 
condition (ans ens) 
Soil pH (H 2o). +.011. 
Soil pH (KCl). +.096 
1. Carbon in surface soil. -.146 
1. Nitrogen in surface -.029 
soil. 
CEC of surface soil +.121 
(meq/100 gm). 
P
2
o5 in surface soil +.113 (ppm). 
Exch. Ca in surface -.116 
soil (meq/100 gm). 
Exch. Mg. in surface -.002 
soil (meq/100 gm). 
Exch. K in surface +.104 
soil (meq/100 gm). 
Exch. Na in surface -.217 
soil (meq/100 gm). 
C/N ratio of surface -.245 
soil. 
Intermed. 
+.069 
+.025 
+.283 
+.031 
-.066 
+.159 
+.004 
-.117 
+.356 
+.276 
+.239 
1.349 
-.258 
-.311 
-.093 
+.239 
-.081 
+.132 
-.383 
-.237 
Over st. lntermed+ 
Overst. 
-.381 -.381 
-.212 -.212 
-.152 -.160 
-.392 -.396 
+.426 +.426 
-.103 -.103 
-.120 -.121 
+.007 +.005 
-.378 - .376 
-.153 -.152 
+.269 +.268 
+.569 
+.074 +.074 
-.233 •• 232 
+.126 . +.125 
-.080 -.079 
-.016 -.018 
-.208 -.209 
-.380 
-.212 
-.150 
-.395 
+.425 
-.103 
-.121 
+.005 
-.377 
-.152 
+.268 
+.569 
+.074 
-.232 
+.125 
- .079 
-.018 
-.084 
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Table 19 
LINEAR CORRELATION COEFFICIENTS OF MICRO-ENVIROOMENTAL 
CONDITICNS Wlnt RELATIVE PROMINENCE OF PLANT LIFE- FORMS IN SAMPLED STANDS 
(Coefficients significant at the 0.05 probability level are underlined) 
Micro-environmental 
variable 
1. Total radiation 
1. Blue radiation 
1. Green radiation 
1. Red radiation 
Daily max. teqip 
depressions (°C) 
Daily min. t~ 
differences ( C)
0 
Soil Hois. spatial 
instability (ems tens) 
Soil mois. temporal 
instability (ans tens) 
Hean annual soil mois. 
condition (ems tens) 
Soil pH (H 20) 
Soil pH (KCl) 
X Carbon in surface soil 
'-Nitrogen in surface 
soil 
CEC of surface soil 
(meq/ 100 gm) 
p2o5 in surface soil (ppm) 
Exch. Ca in surface 
soil (meq/100 8JD) 
Exch. Hg in surface 
soil (meq/100 8JD) 
Exch. Kin surface 
soil (meq/100 8JD) 
Exch. Na in surface 
soil (meq/100 8JD) 
C/N ratio of 
surface soil, 
Hardwood 
trees 
-.358 
-.342 
- .149 
-.363 
+.319 
-.170 
-.311 
+.075 
-.670 
.:.:.lli 
+.410 
+.184 
.,097 
+.107 
-.189 
+.347 
-.188 
Tree ferns 
+.233 
+.323 
-.020 
+.179 
;+.276 
+.338 
+.084 
-.070 
-.076 
.ooo 
-.158 
+.002 
-.183 
-.152 
-,224 
-.119 
-.114 
- ,379 
+.140 
+.332 
Plant Life-form Types 
Softwood 
~ 
-.115 
-.125 
-.264 
+.016 
+.050 
+.199 
+ .071 
+.070 
+.043 
-.017 
+.126 
+.359 
-.052 
-.098 
+.159 
+.352 
+.312 
+. 233 
+.014 
+.425 
~ 
Zingiber 
herbs 
+.381 
+.339 
+.506 
+. 120 
-.444 
+.127 
-.llO 
-,301 
-.282 
+.334 
-,395 
-,336 
-.315 
+.114 
+.254 
+ .080 
+ .259 
-.228 
-.173 
Large 
Musaceous 
herbs 
+.163 
+.094 
+.066 
+.236 
-.217 
+.206 
+.229 
+.153 
+.329 
-,255 
- .202 
-.072 
-.134 
-.104 
- .138 
- .263 
-.306 
-.154 
+.180 
-.023 
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Small 
Herbs+ 
others 
+.067 
+.065 
+.224 
-.044 
-.303 
+.180 
-.125 
+.279 
-.131 
+.610 
±:£Q 
-. 593 
-. 455 
-.092 
+.315 
-.078 
+.227 
-.243 
-.293 
Hard_vood t_~ees I Softwood trees I ~- Z1.ngiberaceo'u,sl ~us 
f.!.!:!!.! ,herbs herbs 
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1, Tota.l radiation. .=:.lQJ +.100 --259 - -J57 -.057 +.068 -. 015 - . 119 - -050 • - J71 - .257 -.049 +.2JJ +.218 + .445 • -052 + .240 
LINEAR CORRELATION COEFFICIENTS 1, Blue radiation. -.298 -.156 --217 -.220 -. 100 - . 0 54 +.012 --209 -.072 ~ -. IJ6 +.009 + .J2J +.19J +.400 -.022 ,.24J 
OF MICRO- ENVIRONMENTAL CONDITIONS 1, Green radiation. --J55 -.199 --520 -.J86 --099 -.164 •. 151 -. 109 -.071 -.081 -.22J -.J46 --020 •• 125 •-508 -.120 +.J82 
WITH THE RELATIVE PROMINENCE OF 1-Redradiation. -.,502 +.1 10 - . 202 --J27 -.005 ,.1 79 • -052 -.OJ1 -.011 +.J81 - .245 +.OJO + .179 • 0 212 !-:.ill + .1 00 +.JOJ 
INDIVIDUAL SPECIES IN SAJV[PIED STANDS ~=~;~s:~~:(~~i . ..492 -- 194 •. 155 •-JOI •. 015 •. 080 -.OJ4 • . 19J --008 -.455 +.069 •• 090 +.276 --494 -.282 -- 179 -- 124 
(Coefficients significant at the Daily m.1.n . temp. I -.672 -.01J •.J2J .=..:.ill I •. 105 · -2 J1 +.252 +.046 +. 067 -.207 •• 005 •-JJO I +.JJ8 I -.049 •-277 f • • 001 • . J87 
differences ( oc;) . 
0 . 05 probability level are 
underlined) Soil moi s. spati,u - . 110 - - 074 -.079 -.OJ4 + . 042 -.085 + .J2 1 - . 110 -.007 +.074 +.187 -.075 +.084 +.028 ~ 1-- 026 + . 556 
in s t.t.bllity. (ems tens.) 
Soil moi s. temporai -.250 -.180 -.014 -.225 • . 015 + . 120 .!..:.!i2!! -.067 -.OJ5 -.081 -.150 +.10J --09J - . 058 -.1J2 -.066 .!...:..!!.2Q 
i..nstability. (ems tens.) 
Hean annual soil mols. +.085 +.064 -. IJJ + . 177 -.064 --092 +.287 -.262 --25J +.26J +.229 -.052 -. 076 - .246 -.286 • - 20) +-292 
condition. (em s tens.) 
Soil pH (H20). -.J67 .=a:...5.2..!. +.074 --J71 +.086 -.147 +.11J - . 225 -.117 -.114 + . 110 +.OJJ + . 19J +.252 •
0 250 - . J77 +.212 
Soil pH (KCl) . -.J95 =ill +.2J5 -.4J9 + . 044 -.061 +.086 !...:..5.B. + - 150 -.119 +.172 +.097 -.1.58 + . J44 + -255 -.299 +.170 
1, Carbon in surface soil . +.282 +.262 +.082 •· 179 •. 151 +.J66 -.204 •. 407 -.052 -.244 -.176 +.195 +.002 -.J97 -.J09 • 0 099 --J52 
1, Nitrogen 1.n surface ~ •-090 + . 1J8 + .402 -.207 + . 104 -.174 +.424 -. 156 -.20J • · 162 -.010 - . 18J - . JOI - . 295 -.025 -.2J6 
soll. 
CEC of s urfac e soil .!.:.l.Z.!. +.156 +. 002 ~ - . 114 +.005 -.116 +.191 -. 071 -.107 - . 166 -.041 -.152 -.J27 -.2)7 -.015 - . 192 
(meq/100 p). 
P2o5 t;;p:rfnce soil +.165 -.042 +.144 +.207 -.215 + . J42 -.2J6 .!.:.ill -. 172 -.1,5.5 -.227 +.07J -.244 +. 188 +.024 - . 075 - . 142 
(:~~
1
g~ ~) ~ur face soil -.JJ9 -.427 +.J64 -.221 +.226 -.025 +.1.56 • . 460 + .JJ4 -.JJ4 +.J02 -.042 - . 119 • -221 ~-2JO - .JJO + . 102 
(:~~
1
~g ~)~u.rface soil + . 169 --500 +.490 +.1J9 -.017 +.l25 +.072 ~ +.101 --J7.5 +.156 +.IJ9 - .114 -.040 +.140 -.J85 • . 12J f-' 
f-' 
Exch. K i.n surface soil -. 116 -.121 -. 179 -.069 ~ -.024 • . 272 -. 119 0n -.069 +.080 -.OJO --J79 - · 157 + . 262 -.119 -.089 I..D 
(moq/100 p). 
(:~~
1
~ ~-i'u-faco soil +.J48 + 0 05J + . 086 •. ,84 + .15J -.165 .!..:-21 +.272 +.159 -.22J -.OJ8 -.200 + .140 -.JJ9 -.100 ,.025 +.JJ2 
C/ N ratio of surface -.J16 +. 161 -.087 -.14J +.41 9 - .207 - - 098 -.019 • • 112 - · 14J +.422 +. 188 +.JJ2 -.2•7 -.102 + .088 - .226 
s oll. 
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~ Tota.l radiation . + .220 • ,026 -.005 - . 145 • . 172 -.218 • , J29 -. IJ8 
- · IJI • . 002 - . 094 • . 066 -. 017 - -0• 5 • • 151 (Continued) ~ Blue radiation . -.060 • . 082 - . 257 - ,045 • - J48 -.245 -,289 -.21J -.070 -. 127 , . o64 - . 20 I - .oe 1 -,02J 
.!.:.lli 
~ Green radiation . !.:..lQJ + , 022 - -024 - , 019 -. 157 -. 199 -.014 -,094 - . 154 • . 4J9 • . 219 • . I 1J • , OJI - . 091 • . 140 
~ Red radiation, • . 260 
-. 106 • , OJ1 -.090 • . 086 - . 122 • , 252 -.112 -.014 •-009 • . 070 - -057 • , 044 -,0)7 • • 206 
Daily ma..x . temp . 
- , 678 - , 216 •. 082 • . 145 •• 29J - . 040 -.J07 -.014 .ooo -,J12 -,406 -. J12 -. 245 - . 054 - , J29 
depressions( oC). 
Dally ml.n. temp . 
difference s ( oc). 
- , 008 • . 155 • . 005 • . 2JJ • • J44 • . J69 + , 022 - · 166 • . 124 -.017 + . 164 • , 172 . . 045 • . OOJ • ,OJ2 
Soll moi3. 3pat1a.l 
- . 120 
instability. (ems tens.) -· 109 
-.091 --1J8 +. )58 -.124 -.085 -, 05J -, 140 -.056 -. 171 • • 10J -.OBJ -.076 • , OJ.5 
Soll moia , temporal 
lnsta.bll l ty . ( ems tons . ) 
• , 14 5 + . 4JO -.262 !..:...l2.J. - . J02 !.!.112 -.026 -.240 •. 276 - , 1J7 •. J59 • .425 -. 119 -,025 • . 05J 
He an annua.l soil mot s. 
-. 159 
condi t.lon ( ems tens.) 
• . 054 • . OQJ • . J06 -.297 +.2J2 • . 147 • . 222 + , 086 - . 44J -. 159 - . 025 -,001 -.266 - . 166 
Soil pH (H20) . • . JJ5 • . 466 -, J99 - . I 1J + , JOO •• 192 -.OJO .:.:.ill --099 +. J28 .!..:..i2Q • .549 - . 248 • . 19J -.2JJ 
Soil pll (KCl) . ~ • . 46J - . 444 - , 098 • . 045 +. 267 •. 15J -· 504 - . 047 •. 407 • .6 52 ~ -· 140 • . 184 • ,2 9J 
~ Carbon ln s urfac e so 11 , 
--J92 - . 400 • . 228 • . 202 -,207 
- . 079 -.027 • . 262 • • 192 - . J40 +. J48 .=..:.lli • .080 •,OJ7 - . 188 
I(. Ni t.rogon ln surface - . 24 1 
-. JJ2 • -0)1 • . 174 -,226 -. 128 - . 021 • • 081 - . 075 - . 292 -,J91 -,J94 -. 1J5 - . 16J - . 174 
s oil . 
CEC of surface so 11 
(meq/ 100 gm) , - -250 - . 495 • . 107 • -004 - . 277 - . 127 -.01J • . 166 
• , OJ8 -. J75 -. 414 .:;.;.ill - . 129 - . 102 - , 022 
P 205 (;p:rrace s oil • . 1 )9 +.012 • , 0 81 • . 1J7 -. J19 -. 194 -. 198 - -095 -.007 • • 19J + ,041 -.028 -.02J - . 112 - . 189 
Exc h . Ca l.n s urface s oil 
(mcq/100 gm) . • .255 
• , 171 - , 282 • . 075 • . o61 • . 24J -.J44 -.401 • . I J8 +.421 •. 449 • .252 -. 159 •. 3 10 • . 267 
Exch. Mg in surface soil • . 041 - . 047 - ,248 .. . 1)0 
-. 115 • . 167 - . 470 -.410 • , 011 • . 069 • . 1J4 -.042 - .'.) 51 • .061 • .067 (meq/ 100 gm) , f-' 
l'v 
Exch. K 1.n surface soil 
(meq/1 00 gm) . 
• • J65 .. . 109 - . 156 
- . J72 - . 256 • .260 - -. 112 - . 110 • .489 • . J15 • . 696 • . 275 •. 119 ~ !...:.l!.l.!. 0 
£.x.ch , Ha 1n surface 
- - J99 - - J09 • , 195 ~ -.248 • • 28 1 • . 05J 3oil (meq/100 gm) . • . 2J2 • . 290 -.JOB - . JJ5 - . J78 
- , 092 • .OJJ - , 008 
C/N ratio of' surface 
-.289 - , 206 • . J16 - -0 )2 - . 016 -,024 • . 126 • , 250 • . 267 -. IJ5 -,05J - . 252 • . 198 •. 129 - . 067 
soil. 
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maximum air temperatures and radiation percentages to stands 11 and 12, 
of similar age but markedly different cover. 
The reasons for this appear to lie with the tendency of all 
vegetation types of the area gradually to have formed an increasingly 
complete foliage cover that made progressively more efficient use of the 
incident radiation and in so doing created an increasingly efficient 
barrier to the passage of radiation to the ground . With a decline in 
the total radiation reaching the stand floor a concomitant depression of 
daily maximum temperature was to be expected . It is surprising that a 
corresponding rise in daily minimum temperatures was not produced; this 
suggests that this type of foliage insulation may have been effective 
only on shortwave incoming radiation, and was incapable of restricting 
outgoing longwave nocturnal radiation. Ratios of the radiation receipts 
in separate wavebands to total receipts are given in Table 21 where the 
lack of a consistent change in the spectral composition of shade 
radiation in the stands is illustrated. Because of sampling difficulties 
only the ratios of red to total radiation can be regarded as reliable 
and these varied haphazardly about unity with a slight tendency to 
values higher than unity. This indicates that stand floor radiation 
tended to be slightly but consistently more 'red' than external radiation. 
Thus, despite the somewhat elaborate means devised to measure the 
spectral quality of stand floor radiation and the considerable time 
spent on field measurements and computations, it must be concluded that 
this feature of the environment showed insufficient variation to be 
accurately detected with the instruments used . 
To conclude, therefore, there appears to have been a tendency 
for a gradual reduction in radiation and daily maximum air temperatures 
to take place over a period of at least 30 years . If species occurred 
locally, the tolerances of which differed within the rages of these 
phenomena, there would have been a tendency for gradual changes to 
take place in the stand floras with species more tolerant of low light 
intensities and less tolerant of high temperatures replacing those less 
well equipped to establish under these conditions . 
Stand 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Table 21 
RATIOS OF BLUE, GREEN AND RED RADIATION RECEIPTS TO TOTAL 
RADIATION RECEIPTS AT THE STAND FLOORS 
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Blue / Total Green/Total Red/Total 
1.12 0.92 1.12 
3 . 86 0.41 1.07 
1.14 0.68 1.25 
1.13 0.92 1.17 
0.14 1. 93 1.15 
0 . 73 1.01 1.28 
3.08 0.67 1.05 
0.89 2 . 02 1.30 
4 . 40 0.62 0.89 
1.19 0 . 67 1.05 
1.47 0.61 1.10 
0.90 1.26 1.26 
0.68 3 .39 0.98 
2.16 1. 39 0 . 92 
2.80 0 . 78 0 . 88 
0 . 92 1. 55 1.13 
1.03 0.98 1.04 
0.33 0.97 1.15 
1.55 1.15 1.10 
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The Effects of Vegetation Mass 
Linear correlation coefficients computed between the total 
plant mass of each stand, the mass of each layer (separately and in 
various combinations) and stand micro-environmental conditions are given 
in Table 18 . The ground layer mass was included in the computations 
speculatively, although it was assumed not to be an influencing variable. 
It is therefore of interest that significant coefficients were recorded 
between the mass of this layer and total and red radiation as well as 
daily maximum air temperature depressions. As these coefficients were 
the converse of those produced on the same phenomena by stand age, it 
seems that a cause and effect relationship existed between stand age and 
ground _layer mass with these phenomena as the operative agents. There 
was, therefore, a tendency for ground layer mass to decline as stands 
aged, most probably a result of lower radiation receipts and lower air 
temperatures. 
The importance of the intermediate layer as an influencer of 
micro-environmental conditions appears to have been small as no correlation 
coefficients significant even at the 0 . 1 probability level were recorded . 
Thus, despite the undoubted importance of this layer during the early 
period of revegetation when small herbs predominated, it was r e latively 
insignificant over longer periods . 
Overstorey mass influenced, in some way, daily minimum air 
temperatures and cation exchange capacity (CEC) and nitrogen content of 
stand surface soils. In no instance did the addition of the masses of 
the two subordinate layers, individually or in combination, produce an 
appr_eciable increase in the correlation coefficients. o structural 
feature of vegetation is, however, fully independent of floristic 
composition and the higher coefficients recorded between these three 
environmental phenomena and hardwood trees (considered either as 
individual species or as a life form type) (Tables 19, 20) suggest that 
these were the more probable 'causers' and that weight~ se was of 
secondary importance to the relationship. When plotted as scatter 
diagrams (Figure 27) it can be seen that the conditions in the primary 
Figure 27 
The relationship between the overstorey mass of a stand and 
certain micro- environmental conditions . 
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forest site (13) played a disproportionately large part in the 
coefficient; this site had considerably more overstorey mass than any 
other stand and the regrowth stands themselves showed considerable 
variation in the supposedly dependent (micro-environmental) variables 
within a limited range of the supposedly independent (overstorey mass) 
variable . The tentative conclusion is drawn therefore that the over-
storey mass of stands was, in itself, of secondary importance in altering 
the stand floor minimum air temperatures and surface soil CEC and 
nitrogen, these changes having been more closely r elated to detailed 
changes in the vegetation . 
The Effects of Plant Life Forms 
The structural succession of distinct life forms that was taking 
place in the study area suggested that each life form may have been 
altering its micro - environment in some way to produce a staged succession 
of micro-environments that may have effectively induced a staged 
floristic succession . To examine whether these life forms did possess 
uni que properties of micro-environmental alteration, their prominences, 
expressed as percentages of the intermediate and overstorey layer mass 
in each stand, were correlated with the micro - environmental phenomena 
measured (Table 19). Almost all coefficients significant at the 0.05 
level of probability were associated with the two 'terminal' groups of 
hardwood trees and small herbs. It must therefore be concluded that the 
successionally 1 intermediate' plant life form groups of softwood trees, 
tree ferns and large zingiberaceous herbs did not produce any unique 
micro-environmental conditions during their periods of predominance . 
Tpey may, however, have played a more subtle role in combination with 
the 1 t erminal 1 life form types . Each micro - environmental phenomenon 
showing significant correlations will be discussed in turn . 
The single significant correlation in the 1 intermediate' groups , 
that between large zingiberaceous herbs and soil moisture spatial 
instability, can be discounted for two reasons. Firstly the inter - stand 
differences of this phenomenon were not significant; secondly, excessive 
weight was contributed to the coefficient by a single high co - occurrence 
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of the two variables in stand 7. The apparent high instability of the 
moisture regime in this stand is attributable to the high tension 
measurements r ecorded by a single block embedded · ·1 1n so1 impregna ted 
with tree fern roots. Phenomena showing significant relationships with 
'terminal ' life form groups included m1·n1·mum · t d ff air empe rature i erences , 
carbon content, CEC, percent nitrogen and pH of the surface soil. 
Minimum air temperature differences showed a significant correlation 
only with the relative prominence of hardwood trees . This coefficient 
must be interpreted with caution, however, for, as discussed in Chapter 1, 
topographic position may have been more important to variation in this 
phenomenon . Stands 12 and 13, in which the greatest temperature 
depressions were measured, were also the highest stands sampled while 
stand 11, which had ove r 40 per cent of its mass made up of hardwood 
trees, showed one of the highest minimum temperature elevations. It 
would therefore seem unwise to draw any firm conclusion about the r eality 
of this relationship, particularly when tempe rature differences were in 
fractions of a degree centigrade . 
Changes in Surface Soil Carbon Content 
There was a significant negative correlation between the relative 
prominence of small herbs in stands and the carbon content of the surface 
soil . The low surface soil carbon contents of sites on which smal l herbs 
predominated were probably inherited from periods of prior disturbance, 
although insufficient data was gathered to prove this conclusively. The 
decline in the carbon content of rain forest soils that takes place 
after clearance is well documented (see, for example, Nye and Greenland 
1960) : with clearance, litter fall virtually ceases and decomposition 
of soil organic matter continues, poss i bly at an accelerated rate. It 
is probable, however, that a herbaceous stand would also induce a 
decline in soil carbon levels if it persisted on a site for sufficient 
time, as the litter production of the se stands is well below that of 
woody vegetation (see below) . It is certain, however, that herb stands 
in the study area were incapable of producing appreciable accretions of 
soil carbon beneath them even over extended periods, and levels stabilized 
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at low values . In stand 14, for example, the soil carbon level after 
23 years of revegetation remained at only 4 per cent. 
Annual litter fall per sq .m. per year in each stand is listed 
in Table 22 . For the younger regrowth stands, the figures given provide 
a fairly accurate measure of organic matter additions to the soil 
surface , but in older stands and forest some allowance for timber fall 
is necessary . Nye and Greenland (1960) point out that annual wood 
production may be used as a measure of this, and use Week ' s (1956) figure 
of 10,000 lb . per acre per year for lowland tropical rainforest to 
compute the nutrient cycle at Kade, Ghana, where this figure represented 
106 per cent of the measured annual litter fall in high forest. A 
similar percentage is used here to mcrease the litter production of the 
primary forest stand (13) from 527 to 1086 gm . per sq .m. per year . 
Stand 12, the floristic composition of which was closely similar to 
that of primary forest, is assumed to have had a similar total organic 
debris fall per year with a proportionately lower timber fall of 382 gm . 
per sq . m. per year . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
17 
18 
Table 22 
ANNUAL LITTER FALL IN SAMPLED STANDS 
(gm./m. 2/year) 
Measured annual litter fall 
203 . 6 
716 . 2 
697.2 
935 . 6 
1,252.6 
1,280.2 
947 . 8 
761. 0 
1,111.0 
1,215 . 8 
997 . 2 
704 . 0 
527.4 
752.0 
492 . 0 
(1 , 086 . 0),"' 
(1,086. O)·k 
* Estimated total debris fall with 
annual timber fall added . 
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As was discussed in Chapter 3, litter production in a stand of 
small herbs is not easily measured; the only result that was at all 
comparable with those from woody regrwQth was obtained in stand 1. In 
this stand annual litter fall approximated only 200 gm. per sq . m. per 
year . The rise to prominence of woody vegetation brought with it an 
abrupt rise in litter production, and in stand 2 this had already exceeded 
700 gm . per s q. m. per year at the time of measurement. In older stands 
in which softwood trees or tree ferns predominated, it exceeded 1000 gm. 
per sq . m. per year, a figure that was maintained when high forest re -
established itself . As would be expected, carbon content of the surface 
soil showed a similar increase, attaining levels similar to, or in 
excess of those found under primary forest soon after the emergence of 
woody regrowth . In the younger stands, in which small herbs predominated 
surface soil carbon content approximated 3 per cent; this rose to exceed 
9 per cent under softwood trees . The fall to somewhat lower levels under 
tree ferns is difficult to explain; it may be that a less easily 
decomposed litter was produced by these pteridophytes which led to a 
temporary accumulation of surface litter and a consequent failure of the 
replenishment of the soil carbon. 
In summary, low soil carbon contents were probably inherited 
and the!"eafter maintained by stands of smal'l herbs. The rise to 
prominence of woody plants of any life form resulted in a rapid increase 
in the soil carbon which was thereafter maintained at a fluctuating 
level similar to that found under primary forest. It must be emphasized 
that the occurrence of a change in soil carbon content was, therefore, 
dependent upon whether or not a decline had taken place during the 
previous period of disturbance . Where this had not occurred, as, for 
example , in stands 17 and 18, little change was taking place during 
revegetation and there was no potential for an autogenic floristic 
succession to take place with soil carbon as the determining factor . 
Changes in Surface Soil Cation Exchange Capacity 
Changes in the CEC of a surface soil might be expected to 
correlate closely with changes in soil carbon as organic matter is a 
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major source of negatively charged colloids in most soils . The relation -
ship between these two variables in the study area is plotted in Figure 
28 which illustrates that the expected high correlation did not exist . 
While stands of small herbs tended to have jointly low, and stands of 
hardwood trees jointly high, values, most intermediate regrowth stands 
possessed CEC values approximating 40 m.e.q. per 100 gm . irrespective of 
soil carbon content . The initial ris e of CEC with the increase in soil 
carbon and its maintenance at stability thereafter is expected. What 
was surprising was the continued rise of values that took place after 
the establishment of hardwood trees, demonstrated both in Figure 28 and 
by the high positive correlation between these two variables (Table 19) . 
The only possible explana tion for this seems to be that the litter 
produced by the hardwood trees was more amenable to transformation into 
organ i c colloids . As in the case of soil carbon, variation in CEC levels 
during revegetation would have depended upon their decline during prior 
disturbance . They appear, however, to have been more susceptible to 
alteration than soil carbon levels for the soils of both stands 17 and 
18 showed appreciable declines from primary forest levels despite only 
slight disturbance (Table 16) . 
Changes in Surface Soil pH 
The results of surface soil pH measurements clearly indicated 
high values under younger stands and low values under older stands and 
primary forest . It is not clear, however, whether changes in this 
phenomenon were gradual throughout the structural succession or whether 
they were maintained in a steady state under the intermediate stages . 
The fact that pH did not show a significant correlation with stand age 
or plant mass (Tables 17, 18) suggests that this factor was maintained 
in a steady state during predominance by the intermediate life form types, 
re - commencing its fall only when hardwood trees began to emerge as the 
predominant group. It would thus seem that the second possibility was 
the more likely and that hardwood trees were apparently capable of 
produc i ng uniquely acid conditions in the surface soil beneath them. 
At the other extreme of structural succession, it is impossible 
F~ure~ 
The relationship between cation exchange capacity and per cent 
carbon in the surface soil of sampled stands . 
Figure 29 
The relationship between pH and per cent base saturation in the 
surface soil of sampled stands . 
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to tell from these results whether a predominance of small herbs produced 
uni quely low acidities or whether these were inherited from before 
colonization . Unfortunately, no detailed laboratory measurements of 
soil pH in cultivated fields were carried out and those made in the field 
have proven too inaccurate to use . Evidence from other areas suggests, 
howeve r, that a r ise in pH takes place when high forest is cleared and 
bur ned . Nye an d Greenland (1960 , 70) , for example, conclude that : 
In general all the data from forest indicate a substantial 
increase in the exchangeable cations in the soil; and a 
corresponding rise in pH . Particularly on very acid forest 
soils, this is one of the most important effects of burning . 
Although a complete burn was usually impossible in the humid climate of 
the study area, some burning was almost always attempted after clearing, 
and it is probable that this released sufficient cations to raise the pH . 
Changes in pH under cropping are unknown but it seems unlikely that a 
fall would have occurred in the relatively brief period between burn and 
revegetation. It thus seems probable that the high soil pH's recorded 
in stands of small herbs were inherited from a period of prior disturbance . 
It seems certain, however, that these herb stages maintained these low 
acidities or at least were incapable of raising them: for example, 
stands 14, 15 and 16 had maintained high pH values despite comparatively 
long periods since abandonment . 
The fall in pH associated with the proportionate decline in 
small herbs in the vegetation seems to have been produced by the displacing 
woody regrowth which was capable of sufficient litter production to 
induce the change (see below) . If this were so, the role of the herbs 
was entirely passive . The initial fall in pH with the rise of woody 
plants apparently occurr ed relatively rapidly; stand 1, in which small 
herbs were still predominant, had values of 5 . 7/4.81 while adjacent stand 
2, although only 18 months older but covered by juvenile softwoods, 
already had values of 5 .3/4 . 3 . Once this initial drop to levels 
1 
As pH values were measured by two methods, using water and potassium 
chloride as the solution, both values are quoted , the H20 measurement f i rst followed by the KCl measurement ; this convention will be followed 
throughout the t ext . 
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approximating 5 . 0-5.5/4 . 3-4 . 5 had occurred, however, little further 
change appeared to take place while non- forest life forms r emained 
predominant. Thus stand 5, which was 21 years old but still composed 
predominantly of softwood trees, retained, at the time of sampling , values 
of 5.2/4.3, while stands 9 and 10, each 19 years old and composed 
pre dominantly of tree ferns , had values of 5.3/4.1 and 5 . 8/4 . 3 respectively . 
In stand 11, where sof t wood trees still made up 46 per cent of the plant 
mass , values still remained high (5.7/4.8) . A further drop in pH values 
awaited the ris e to predominance of hardwood trees ; stands 12 and 13 rad 
values of 4 . 7/3.8 and 4.7/4.2 respectively , while the logged - over forest 
site (stand 17) maintained a low value of 4 . 6/3 . 8 . Stand 18 , which 
had undergone minimal disturbance and no burning, retained similarly low 
values of 4 . 7/4 . 0. 
The causes of these pH changes during revegetation can only be 
surmised without further, more detailed, experimental investigation . 
Three possible factors could account for such rapid changes : 
(1) The pres ence of substances in the soil capable of changing 
their state of oxida tion or reduction. This is an 
unlikely cause as such shifts are usually related to some 
drastic changes in the soil environment such as the 
draining of a waterlogged soi l . 
(2) A change in the carbon dioxide content of the soil i n 
r espons e to greater microbiological activi t y, the increased 
litter production under woody vegetation providing the 
added energy for this. The continued fall of pH under hard -
wood trees despite unaccelerated litter production may have 
r eflected a change in litter type which encouraged still 
greater carbon dioxide production. 
(3) A final possib le cause of the two - staged lowering of pH 
may have been a similar two - staged change in base saturation 
produced by an increasing CEC with no comparable rise in 
exchangeable cations. This r elationship is plotted in 
Figure 29 and is almost a straight line ; a perfect 
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relationship would not be expected because both colloid 
type and cation type also affect pH. 
While the importance of increased carbon dioxide cannot be 
excluded as a cause, therefore, the available evidence suggests that a 
changing base saturation was the major cause of pH changes. As with soil 
carbon and CEC , changes in this phenomenon during revegetation of a site, 
therefore, we r e dependent upon the type of disturbance that the site had 
undergone. Burning seems to have been the most important aspect of 
disturbance affecting this phe nomenon and in cleared sites where burning 
had not taken place (stands 17 and 18) pH's remained high and no change 
would be expected during revegetation. 
Changes in Surface Soil Nitrogen Content 
Percent nitrogen in the surface soil was significantly correlated 
only with the prominence of hardwood trees, and relatively low nitrogen 
levels occurred in all stands where other life forms predominated . The 
causes of nitrogen decline from pre - clearance levels will be examined 
more fully in a later chapter; it is sufficient to note here that such 
a decline apparently took place with relative ease and that no regrowth 
life form seemed capable of increasing nitrogen content to the levels 
present in the primary forest . With the re - establishment of forest trees, 
however, a rise in nitrogen content seemed to occur, although only 
relatively slowly . Under forest, contents of 1.09-1.30 per cent were 
measured while in stand 12, although at the time of sampling composed 
almost totally of hardwood trees, the nitrogen content was only 0 . 89 per 
cent. 
Reasons for this relationship are obscure. Jenny (1950) remarks 
upon the high nitrogen levels present in Columbian forest soils which he 
relates, on a world scale, to high nitrogen gains from rain water and to 
a high rate of symbiotic and non - symbiotic fixation, believing the latter 
to be the more important . As gains from rainfall must have been 
relatively constant throughout the study area, only the second source 
could have been significant there . The possibility that the hardwood 
trees were fixing nitrogen symbiotically exists; the abundance of 
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leguminous trees in many rain forests is well known . Jenny suggests 
this as a possibility in Columbia while Davis and Richards (1933 - 34) 
comment on a similar feature in Guyana . No leguminous trees were collected 
in the present study area, however, but it is conceivable that other 
' 
non - leguminous , trees may also have the faculty of nitrogen fixation 
(cf. Richards 1952 ) . If symbiotic nitrogen fixation was occurring, 
transfer to the soil must have been taking place directly, either by 
direct excretion, by the decay of old nodules or by rainwash leaching, 
because the nitrogen content of the forest litter was no greater than 
that of the regrowth litter (Table 23) . These figures also indicate 
that nitrogen fixation by leaf knot bacteria was unlikely to have been 
occurring . Nitrogen fixation by free - living organisms cannot be discounted 
as it is possible that unique environmental conditions, such as lower 
temperatures and pH, on the forest floor may have encouraged this; the 
nitrogen fixing aerobic bacterium Azotobacter indicum has been found in 
soils of pH 4 . 5 in Dacca, India (Starkey and De 1940) and possibly 
also occurs in Malaya (Alston 1936) . 
No data are available on the availavility to plants of the 
nitrogen in the surface soils of the sampled sites . The work of 
Dommergues (1952) on a wide range of acid forest soils in Madagascar 
indicates low nitrification but ready ammonification under such conditions . 
The higher values that were recorded in the younger stands suggests 
that more nitrification occurred at this time falling progressively as 
pH fell. Conversely , there is evidence to suggest that nitrate levels 
may be depressed under grass fallows (Nye and Greenland 1960). It 
w~uld be hazardous, therefore, to draw any firm conclusions on changes 
in the availability of nitrogen during revegetation. For this reason, 
the role played by changes in total content of soil nitrogen in a 
floristic succession must be interpreted with caution. 
Conclusions on the Micro - environmental Effects of different Life Forms 
Only a limited number of micro - environmental phenomena were 
correlated linearly with the proportions of distinct life form types in 
the sampled stands . None of these life form types, save hardwood 
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when predominant in a stand induced unique micro-environmental conditions 
beneath them . The role of small herbs seems to have been the maintenance 
of soil conditions at the levels inherited from the prior period of 
disturbance . The role of the woody regrowth life forms , softwood trees 
and tree ferns , whose structural predominance was chronologically inter -
mediate, varied . Their effect upon soil nitrogen levels appears to have 
been very small and changes in this phenomenon were attendant upon the 
rise to prominence of hardwood trees. They did, however, appear to play 
an important role in raising so il carbon content rapidly to levels 
comparable with those of primary forest soils . This rise seems to have 
produced an accompanying rise in cation exchange capacity and a fall in 
pH. By contrast with soil carbon content, however, the last two 
phenomena exhibited a continued change with the appearance of large 
har dwood trees . 
Three aspects of these changes need emphasis : 
(1) Only soil conditions varied . It is conceivable that soils 
in the study area possessed a resistance to rapid change 
resulting from forest clearance which could not apply to 
such things as radiation and air temperatures . If this 
were the case, clearing~~ may well have been of minor 
significance to soil change s during revegetation, whereas 
the nature of soil treatment during the period of 
disturbance would have assumed a much more important role . 
Stands 17 and 18 had undergone clearance but not burning 
and cropping and so serve as a useful check on this hypo -
thesis . In both stands pH had remained at levels comparable 
to those of primary forest soils and carbon content had 
also been maintained at forest levels . CEC showed some 
change , however, particularly in stand 18, where a change 
in litter type may have been responsible . Nitrogen levels 
had dropped considerably in both stands indicating consider-
able instability in this factor . Thus, while a change in 
nitrogen content and possibly CEC accompanied any re -
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vegetation, changes in carbon content and pH only occurred 
where burning and cropping had preceded abandonment of the 
site. The possibility of at least two courses of succession 
thus existed . 
(2) None of the four phenomena which changed is likely to have 
had a direct effect upon any plant. They are not, there-
fore, strictly environmental factors in the terms defined 
in Chapter 3, but the considerable changes that took place 
in each strongly suggests that they had indirect effects . 
(3) It is important to distinguish between those phenomena 
that changed before the emergence of the 'terminal ' life 
form group of hardwood trees, and those that changed only 
when this group became predominant . The first type 
includes carbon content, CEC and pH of the surface soil 
and may possibly have been important in a floristic 
succession in that some preliminary changes in these 
phenomena were necessary before species of the 'terminal' 
life form could establish themselves. The second type of 
change, exhibited only by soil nitrogen, was apparently 
wrought by the terminal group itself the species of 
which must therefore have been capable of establishing 
in low nitrogen conditions. The only role this phenomenon 
could have played in a floristic succession would have been 
the exclusion of species of earlier structural stages from 
the terminal state. 
The Effects of Individual Species 
The role of individual species in altering micro - environmental 
conditions is of interest in that it indicates the possibility of a 
floristic succession being 'individualistic', variations of direction 
being produced by chance entry of particular taxa. The species here 
considered are limited to those that occurred in the overstorey or inter -
mediate layer of at least 5 stands and to each of which they contributed not 
less than 0 . 01 per cent of the total mass in these two layers . 
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Correlations were computed using data from all stands; the species ' 
prominence was measured by their per cent contribution to the total mass 
of the two ' influencing' layers of a stand and , where absent from the 
stand, a zero value was scored. The resultant coefficients are listed 
in Table 20 . The limitations of these coefficients are similar to those 
mentioned earlier , namely the excessive weight that is contributed by 
a s i ngle high co - occurrence . In addition , the absolute masses of some 
spec i es were small in all stands and effects apparently produced by these 
should be treated with caution; while some appreciable effects may, 
conceivably, have been produced by a small plant, the probability of a 
large plant being responsible is~ priori far greater. 
Significant relationships of two kinds may be distinguished; 
those in which the effects of an individual species paralleled that of 
the life form group to which it belonged, and those which were independent 
of the group . The effects that paralleled life form group effec ts are 
of interest in confirming the reality of the latter; where a number of 
separate species of the same life form exhibited similar effects, their 
joint significance as a plant life form group can hardly be doubted . 
However, if only a single species of one life form is found to have been 
effecting some change, it suggests that this species was entirely 
responsible for the apparent effect of the life form to which it belonged . 
Unfortunately , it proved impossible to distinguish the latter type of 
effect with any certainty as too few species occurred sufficiently 
prominently in many stands to be used in the analysis . 
The relative prominence of certain small herbs appears to have 
boxne some relationship to high pH, and both of the hardwood trees 
Lithocarpus sp . and Indet . (1877) appear to have been correlated with 
CEC of the surface soil (Table 20). All other parallel relationships 
appear to have been more restricted . Only Spathoglottis sp. of all the 
small herbs, had a negative correlation with soil pH, and only 
Lithocarpus sp. had a positive correlation with the nitrogen content of 
the surface soil . While the implication of this is that the effects of 
plant life forms recognized earlier may have been more apparent than real, 
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the evidence is not conclusive . Moreover, most of the coefficients 
calculated for individual species effects are somewhat lower than those 
calculated for life form group effects , indiciating a degree of group 
independence . The nature of these relationships were probably similar 
to those observed between the same phenomena and life forms and will 
not be reiterated . 
The r e was a wide range of species effects that seem to have 
been operating independently. A few possibly significant correlations 
were r ecorded between individual species prominences and insolation 
r e ceip ts. Those that involved green and blue radiation cannot be regarded 
as important because of the low accuracy of measurement and, where there 
were significant correlations between specie s and total or red radiation 
receipts, the coefficients were well below those recorded between time 
and t hese phenomena . It seems most probable, therefore, that the 
presence and relative prominence of these species was dependent upon 
stand age and that the measured correlations were spurious . The same 
generalization holds for species correlations with depressions of daily 
maximum air t emperatures . Daily minimum air temperature differences, 
for reasons already outlined, were probably more closely related to 
topography and the correlations recorded between this factor and the 
occurrence of the hardwoods Lithocarpus spp . (1732, 1886) were probably 
spurious . Individual species effects upon soil moisture conditions of 
stands appear to have been small . Measured effects upon soil moisture 
spatial instability cannot be r elied upon as this phenomenon was not 
significantly different between the stands (Table 16); the apparent 
~igh correlation between this phenomenon and Hornstedtia sp. has already 
been explained by a single high, and unrelated, co-occurrence in stand 7 . 
The same explanation dispenses with the apparent effect of Clerodendrum 
sp. and Musa sp . on this phenomenon. The relationship that apparently 
existed between Dissochaeta sp . and Rubus sp . and soil moisture temporal 
instability are unrealistic as both species were of low total mass in 
all stands . No significant correlation was recorded between mean 
annual soil moisture condition and any species . 
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In contrast to the absence of any significant effects upon 
soil nutrient status by the groups of plants of similar life form, 
several individual species appear to have affected this condition . For 
these relationships to have been meaningful, they must have fulfilled 
several requirements . Firstly, they must have been positive correlations, 
as negatives would have suggested a restriction on the species by the 
nutrien t; all save one of the relationships satisfied this requirement . 
Secondly, the species must have occurred in the vegetation with a 
sufficient absolute prominence ; since nutrient increase in the surface 
soil by a plant must involve nutrient cycling, it is unlikely that a 
plant of small stature and litter production would have been capable of 
achiev~ng this . If a minimum figure of 1 per cent of total plant mass 
in at least one stand is required , then three further species can be 
el i minated as insignificant, namely Indet . (1877), Rubus sp . and Rubus 
moluccana. All other correlation coefficients were weighted heavily by 
single high co - occurrences . The chemical analyses of the litter 
collections made in all stands may be used to check each apparent 
correlation by indicating whether an excessive nutrient return to the 
soil was taking place in the stands where the appropriate species 
occurred prominently . The correlation coefficient recorded between 
Lithocarpus sp . and exchangeable sodium in the surface soil was heavily 
weighted by the high values of both variables in stand 12. Table 23 
indica t es, however, that sodium returns to the soil in the litter of 
this stand were not exceptionally high, forcing one to conclude that 
the correlation was spurious. A scatter diagram of the relative 
pr ominence of Melastoma cf . polyanthum and per cent potassium in litter 
is plotted in Figure 30 . There is some evidence of a positive 
co r relation here , suggesting that the correlation of this species with 
surface soil potassium was probably real . A similar scatter diagram 
of the relation between Clerodendrum sp. and per cent sodium in litter 
is plotted in Figure 31 · there is little indication of a positive 
correlation between these two variables, suggesting that the correlation 
of th species with soil sodium was spurious . The correlation of Trema 
Figure 30 
The relationship between the prominence of Melastoma cf . 
polyanthum in a stand and the potassium content of the litter 
of that stand . 
Figure 31 
The relationship between the prominence of Clerodendrum sp . in 
a stand and the sodium content of the litter of that stand . 
Figure 32 
The relationship between the prominence of Trema orientalis in 
a stand and the phosphorous content of the litter of that stand. 
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orientalis with the phosphorus and magnesium in the surface soil is 
dependent upon the high co-occurrences of these variables in stand 6 . 
Table 23 indicates a r elatively low magnesium content of the litter 
of this stand but the relationship with phosphorus is more promising 
and is plotted in Figure 32, which indicates some justification for 
regarding~ orientalis as a phosphorus- enriching species. The 
relationship between Ficus sp . and the potassium content of litter is 
plotted in Figure 33, where it can be seen that, were stand 4 omitted, 
the correlation would be negative . There thus seems no justification 
for regarding Ficus sp. as a potassium- enriching species . A similar 
conclusion can be drawn about the apparent effects of Mallotus paniculatus, 
Spathoglo t tis sp . and Araceae sp . upon this element . Finally, it must 
be emphasized that although several apparent correlations have been 
dismissed as spurious on the basis of litter fall results, a remote 
possibility exists that nutrient cycling may have been effected by 
rainwash independently of the litter and so have gone undetected . 
In summary, the identifiable effects of indiv idual species on 
the stand micro - environment were few. While too f ew species were tested 
to enable firm conclusions to be drawn, it does appear that species of 
the same life form tended to have parallel effects on the same phenomena, 
producing the 'group effects' detected in a foregoing section. In 
instances where individual species seemed to be producing unique effects , 
close r scrutiny suggests that many of the high correlations were spurious . 
There is some evidence, however, to suggest that Trema orientalis acted 
as a phosphorus r e storer and that Melastoma cf . polyanthum acted as a 
potassium restorer. The importance to floristic succession of changes 
induced by individual species depended, of course, upon the sensitivity 
to these elements of any other species in the area. Assuming this to 
have existed, the data give limited support to the idea that the direction 
of floristic succession was de termined by the chance entry of a nutrient -
enriching species at some early date . 
Summary of Micro - env i ronmental Changes 
When micro - environmental conditions in the sample d stands were 
Stand 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Table 23 
PERCENTAGE NUTRIENT CONTENTS OF LITTER SAMPLES 
(LEAVES AND TWIGS ONLY) 
N p Ca Mg K 
1. 39 0 . 117 0.94 0 . 306 0 . 19 
1. 24 0.088 1.11 0.216 0.52 
2 . 00 0 . 144 1. 38 0 .331 0 . 41 
1.46 0 . 116 2.26 0.272 0 . 51 
1.38 0 . 072 1.10 0 . 187 0.25 
1. 78 0.158 1. 31 0 . 168 0 . 26 
1. 76 0 . 114 0 . 99 0 . 209 0.32 
1. 60 0 .090 1. 27 0.221 0 .21 
1.25 0 . 047 0 . 76 0 . 173 0. 29 
1. 29 0 . 058 0 . 73 0. 207 0 . 29 
1. 71 0 . 108 1.28 0 .325 0 . 33 
1.30 0 . 059 0 . 70 0 . 207 0 . 27 
1. 68 0 . 091 1.15 0.173 0 .31 
0 . 42 0.071 0 . 74 0 . 166 0.16 
0 .3 6 0.034 0 . 26 0 . 085 0 . 26 
0 . 67 0 . 055 0 . 40 0 . 135 0 .47 
1.45 0 . 073 0 . 99 0 . 227 0 . 19 
2 . 40 0 .150 l. 83 0 . 421 0.65 
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Na 
0 . 068 
0.052 
0.056 
0 . 051 
0 . 043 
0 . 073 
0 . 061 
0 . 040 
0 . 029 
0 . 029 
0.053 
0 . 046 
0 . 021 
0 . 020 
0 .011 
0 . 019 
0 . 020 
0.033 
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related to stand age and certain independent vegetation variables, a 
number of significant linear correlations appeared. Stand age seemed 
to affect radiation receipts and daily maximum air t emperatures at the 
soil surface. Plant life form groups appeared to have no unique effects 
upon micro-environmental conditions, except that high nitrogen levels 
were attained in the soils of stands of hardwood trees. Surface soil 
carbon content increased with the rise of woody vegetation and thereafter 
stabilized. The CEC and pH of surface soils showed a two-stepped change 
with woody regrowth life forms inducing a partial change and maintaining 
this at equilibrium for long periods between the extremes of these 
phenomena experienced under small herbs and hardwood trees . A number of 
species . acted in parallel to produce these life form group effec ts but 
the degree to which an apparent group effect was produced by a single 
constituent species is unclear. There was limited evidence of a few 
individual species producing effects on soil nutrients that were un-
related to any effects by distinct life form types. 
Micro-environmental changes and the factors promoting these 
were evidently complex . The existence of some 'life form effe cts' 
indicated some potential for a staged floristic succession in terms of 
carbon content, CEC and pH of the surface soil. The existence of other 
micro-environmental changes, induced independently by stand age or 
individual species, was a factor complicating the model of a distinct 
staged floristic succession. Finally, it must again be emphasized 
that the occurrence and severity of most changes depe nded upon the site 
conditions at the time of abandonment, and this upon the type of 
disturbance that the site had undergone. A gradual, radiation and 
temperature - induced, succession was most likely to have occurred 
provided some clearance had taken place . Soil carbon content and CEC 
were more resistant to change and thus a floristic succession involving 
these factors was less likely to have occurred . Soil pH was apparently 
unaffected by disturbance that did not involve burning, suggesting the 
absence of a floristic succession involving this factor on such sites. 
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SPECIES I ENVIRONMENTAL TOLERANCES 
The micro-environmental changes that were taking place on 
abandoned sites in the study area during their revegetation indicated 
some potential for a self-induced floristic succession. Whether this 
potential was being realized in this way depended on how different 
were the tolerance ranges of the species composing the stands, a 
characteristic examined in this section . 
The investigation of tolerance ranges of spe cies has been 
limited to their environmental requirements for establishment because 
of practical difficulties . The term 'establishment' as used here refers 
to germination and self- maintenance of a plant beyond the stage of 
dependence on seed food reserves . As the micro - environment measured 
represented conditions only at or below 70 cm . above the soil surface, 
this height was used as the criterion of establishment of a plant. This 
restriction of consideration to the smallest and most juvenile plants 
gave some measure of assurance that these, having recently established, 
were unlikely to have done so in conditions greatly different from those 
actually measured . Thus, if a plant was sampled which was independent 
of seed food reserves but under 70 cm. in height, it was assumed that 
it could establish under the conditions measured at the site; if 
absent, it was assumed that the plant had been excluded from the stand , 
possibly by one of the measured micro - environmental phenomena. While 
it can be argued that the exclusion of a species from a stand may take 
place at a later stage of plant development, my own observations in the 
study area led me to believe that it was an uncommon event there. The 
total absence of juvenile regrowth plants from the ground flora of 
primary forest stands was evidence of this as was the persistence of 
hardwood tree seedlings in logged - over forest. In the first instance, 
the inability to establish under forest conditions seemed to have 
excluded regrowth species whilst in the second case, hardwood tree seed -
lings, having established themselves, thereafter resisted elimination . 
Moreover, if a mechanism can be demonstrated whereby pre - establishment 
exclusion can account for autogenic floristic succession in the study 
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a r ea, this assumption will have been justified . 
Data Handling 
Analysis of variance was used to determine the level of 
significance of differences in the environmental r e quirements for 
establishment of species. The r ecorded occurrences of species that 
were used in the analyses may not have represented the full range of 
their tolerances either because of the plant's inability to reach the 
site or because an insufficient range of environments could be sampled . 
The first difficulty can be ignored temporaril y if the assumption of 
a constant propagule rain on all sites is used again. The second was 
a more serious inadequacy the correction of which would have involved 
extensi~e sampling outside the s e lected stands. If, however, the error 
is recognized, it can be allowed for when interpreting the results of 
analyses . Thus, for example, if an 'early' regrowth species appeared 
to have a tole rance to radiation extending to 25 pe r cent of exte rnal 
conditions (the highest percentage recorded) it would also be necessary 
to recognize that this range may have extended to 100 per cent; that 
the plant might , in fact, have established on bare ground . 
The species considered in the analyses were restricted to those 
which were sampled in the intermediate or overstorey layer of at least 
one stand . This restriction permitted the species considered to be 
placed into life form types with some objectivity; an operation that 
would have been more subjective had all species sampled in the ground 
layer been considered. Because of the small size of the environmental 
samples and the probable variation of values within each stand, only 
those species which had juvenile forms in at least three ground layer 
quadrats of at least one stand were considered. Finally, the analyses 
required at least two attributes for every sample, further restricting 
the species considered to those occurring with the three-quadrat 
frequency in the ground layers of at least two stands . Results from 
stands 17 and 18 were omitted from the analyses because it was thought 
that many of the ground-layer plants occurring there had established 
prior to disturbance . Results from these stands are, however, of great 
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interest when considered individually and they are used when the results 
of the analyses are interpreted . To summarise, therefore, only the 
species which occurred in the overstorey or intermediate layer of at 
least one stand and also occurred with a frequency of at least three 
quadrats each in the ground layer of at least two stands other than 
17 and 18 were used in the analyses . The 33 species that fulfilled 
these requirements are listed in Table 24 together with their stands 
of ground layer occurrence . 
Analysis 
The analysis was carried out in three parts to detect both 
significant differences in the environmental requirements for establish -
ment of individual species and any significant groupings of species in 
this respect . The initial analysis dealt with individual species, 
each of which was treated as a statistical 'group' and each stand -
occurrence as an 
1 item 1 • Twenty identical analyses were carried out 
using data on each of the twenty environmental variables measured . The 
results of these analyses, when considered in isolation, are not very 
informative as they merely give an indication of the phenomena to wh ich 
the species concerned tended to respond as ecological entities . 
However, they contribute very considerably when compared with the 
results of analyses in which the species were grouped into various classes. 
The second series of analyses was carried out using species 
grouped according to the life form to which they belonged . This was 
designed to test whether all species of the same life form tended to 
have similar tolerances . If they did, and if the tolerances of these 
life forms corresponded to their order of appearance in the structural 
succession, then there would be an indication that the succession of 
life forms observed was the product of a 'staged' floristic succession . 
The data used for this analysis were identical with those used for the 
analysis of individual species tolerances with one exception ; 
conside r ation in the ' small herb' group was restricted to those species 
which occurred in the intermediate layer of stands where this layer 
was predominant , namely 1, 2, 14, 15, 16, 18 . This served to separate 
Table 24 
SPECIES INCLUDED IN THE ANALYSES OF DIFFERENCES 
_I_N_E_NV_I_R_O_NME_N--'-T=A:.::;:L.::.......::T:..=O..:::LE=.RAN=:.:...:CE~S-=-F.:::::OR~E:'..:S'...!T~AB~L~IS~HME~~NT~ , 
AND THEIR STANDS OF GROUND-LAYER OCCURRENCE 
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Species Stands of Ground - layer Occurrence 
Ardisia sp . (1903) 
cf . Shorea almon (3433) 
Melastoma cf . polyanthum (1520) 
Ficus sp. (1662) 
Ficus sp . (1698) 
Cyathea spp. (3430) (_3l+Jl) 
Costus speciosus (1519) 
Hornstedtia sp . (3440) 
? Eclipta sp. (1500) 
Microglossa pyrifolia (1516) 
Scleria cf . scrobiculata (1524) 
Cyrtococcum accrescens (1533) 
Setaria palmifolia (1534) 
Lycopodium cernuum (1542) 
Spathoglottis sp . (1659) 
Marantaceae. (1678) 
Paspalum conjugatum (1742) 
Nephrolepis sp. (1759) 
? Gesneriaceae (1760) 
Rubus moluccana (1771) 
Cyclosorus sp. (1784) 
Blumea riparia (1525) 
Gleichenia truncata (1808) 
? Cayratia sp. (1811) 
? Cyclosorus sp . (1830) 
Imperata cylindrica var . major 
(3436) 
E latostema sp. (1508) 
Daemonorops spp. (1518) 
Leucostegia sp. (1637) 
Indet. (1780) 
Freycinet ia sp . (17 86) 
Athyrium sp . (1947) 
Aristolochia sp. (1764) 
5, 13. 
5 ' 3. 
1, 5' 9 . 
1, 3' 4, 7' 8, 9. 
1, 2 . 
1' 2' 3' 4, 5' 6, 7' 8, 9' 10, 11, 13. 
1, 5' 9 . 
3' 4, 5' 6, 7' 8' 9' 10, 11. 
1, 2' 4, 7' 9' 10, 14, 15, 16. 
1, 2 . 
2' 3' 5. 
1, 4, 5' 7' 8, 9, 10. 
7' 16. 
14, 15. 
1, 4, 15. 
3' 11. 
1, 2' 3' 4, 5' 6, 7' 8, 9, 10, 11, 14, 16 . 
1, 2' 4, 6, 7' 8, 9, 10, 11, 14, 15, 16. 
1, 4, 5, 8, 9. 
2' 5, 9. 
1, 3' 4, 5' 6, 7' 10, 15, 
3, 5 . 
8, 9 . 
3' 9 . 
8, 11 . 
1, 2, 7, 10, 14, 15, 16 . 
8, 12, 13 . 
5, 8, 9, 10, 11. 
12, 13. 
3' 5' 6, 12, 13. 
3' 5' 12, 13 . 
6, 12, 13 . 
1, 5, 9 . 
16. 
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the species of the group which were structurally prominent in some 
stands from those other species (such as small forest herbs and vines) 
which never made up more than a minute proportion of any stand mass . 
The small herbs which fulfilled this requirement were as follows : 
Table 25 
SMALL HERBS PRESENT IN THE INTERMEDIATE LAYER OF 
STANDS 1, 2, 14, 15, 16 AND 18 
? E clip ta sp . (1500) 
Microglossa pyrifolia (1516) 
Impatiens sp. (1517) 
Scleria cf . scrobiculata (1524) 
Cyrtococcum accrescens (1533) 
Setar ia palmifolia (1534) 
Lyco podium cernuum (1542) 
Imperata cylindrica var . major (3436) 
Paspalum conjugatum (1742) 
Nephrolepis sp . (1759) 
Aristolochia sp . (1764) 
Rubus sp . (1769) 
Pteridium aquilinum (1672) 
Cyclosorus sp . (1784) 
Cissus sp . (1819) 
One item was scored in each life form group for each species occurrence 
i~ the ground layer of a stand . As a minimum of at least two attributes 
per sample was always ensured, the scores for those species that 
occurred with a three - quadrat frequency in the ground layer of only one 
stand were added to the analysis . The extra species so included were 
as follows 
Table 26 
SPECIES SAMPLED IN THE INTERMEDIATE OR OVERSTOREY LAYER 
OF AT LEAST ONE STAND , AND ALSO OCCURRING WITH A 
3 - QUADRAT FRE QUENCY IN THE GROUND LAYER OF AT LEAST ONE STAND 
Saurauia sp . (1731) 
Indet . sp . (1922) 
Lit ho carpus sp. (1732) 
? Syzygium sp . (1878 ) 
Cinnamomum sp . (1888) 
Omalanthus cf . populneus (1734) 
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A final series of analyses was carried out on the same data 
re - grouped into only two classes, namely hardwood trees and all other 
species excluding tree ferns . The reason for this subjective grouping 
was the informal observation, made during the sampling of early regrowth 
vegetation, that most regrowth species were present, if only as seedlings, 
soon after the s t art of revegetation and that it was perhaps only hard -
wood trees which we r e delayed in establishment. Testing for significant 
differences between the two groups was designed to establish the reality 
of this observation and to invest igate whether the grouping was 
statistically more significant than those of the two previous analyses . 
The exclusion of tree ferns from both groups was arbitrarily determined. 
Table 24 indicates the wide range of ground layer occurrence of this 
group in all stands from those of small herbs (and indeed the weed 
growt h of cultivated fields) to high forest . It was thus clear that 
these species were of wide tolerance and their inclusion as a member 
of either major group would only have served to obscure real differences 
in others . 
Results 
The results of the three groups of analyses of variance are 
summarized in Table 27, and the means used in the computations in 
Tables 28 and 29 and 30 . When treated individually, the species appear 
to have possessed distinctly different environmental requirements for 
establishment for a limited number of phenomena . If the 0 . 05 
probability level is taken as the criterion of significance, species 
appeared to possess distinct tolerance ranges in terms of 
total radiation, 
red radiation, 
daily maximum air temperature depre s sions, 
daily minimum air temperature differences, and 
surface soil carbon, CEC, nitrogen and pH . 
Because of non - independent variation, differences in terms of daily 
minimum air temperatures were probably not real and will not be 
discussed further . 
When the species were grouped into five life form classes, 
some increase in significance levels of establishment tolerance 
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Table 27 
RESULTS OF ANALYSES OF VARIANCE ON 'mE ESTABLISHMENT 
REQUIREMENTS OF PLANTS IN 'mE S1UDY AREA 
{F-values and probability levels) 
33 Sfecies 5 Life-form 2 Life-form 
groups groups 
F p F p F p 
7. Total radiation 1.50 .05 7.15 .001 28.10 .001 
7. Blue radiation 0.69 .2 2.53 .05 8.94 .01 
% Green radiation 1.22 • 2 2.34 • 1 8.33 .01 
% Red radiation 1.34 .1 6.74 .001 26.75 .001 
Daily max. temp. 1.51 .05 4.88 .01 16.21 .001 
depressions {°C) 
Daily min. tel}P. 2 .04 .001 12 .43 .001 54.29 .001 
differences { C) 
Soil Mois. spatial o. 77 .• 2 0.22 .2 0.89 • 2 
instability {cm tens) 
Mean annual soil mois. 0,43 .2 0.65 .2 2.15 .2 
condition {cm tens) 
Soil pH {H 20) 3. 59 .001 12. 42 .001 46. 71 .001 
Soil pH (KCl) 1.54 .01 3.69 .01 11. 92 .001 
7. Carbon in surface 2.02 .001 6.01 .001 18.19 .001 
soil 
7. Nitrogen in 2. 92 .001 12 .11 .o~n 50. l6 .001 
surface soil 
CEC of surface soil 3. 72 .001 15.49 .001 60.23 .001 
{meq/100 gm) 
P2o5 in surface soil 1.03 .2 0.69 .2 0.47 
.-2 
{ppm) 
Exch. Ca in surface 0.86 .2 2.10 .1 6.23 .05 
soil (meq/100 gm) 
Exch. Mg in surface 0.95 .2 0.96 .2 0.69 .2 
soil {meq/100 gin) 
Exch. K in surface o. 48 .2 0.25 .2 o. 45 . • 2 
soil {meq/100 gm) 
Exch. Na in surface 1.44 .1 l.~5 .2 ·2.03 .2 
soil {meq/100 gm) 
C/N ratio of 0.93 .2 0.67 .2 0.30 .2 
surface soi 1 
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differences resulted (Table 27). These increases were restricted mainly 
to those phenomena for which the individual species showed significant 
differences in tolerance range . In addition, differences in terms of 
blue and green radiation showed an increase in significance level, 
although the importance of this was probably slight. Tolerance 
differences to exchangeable calcium also showed an increase in 
significance level with grouping, while a converse fall in terms of 
exchangeable sodium occurred. Diagrammatically, therefore, species 
tolerance ranges may be pictured as clustering into groups with some 
intervening vacant spaces. This grouping would indicate a staged 
floristic succession only if the positions of the life form group 
tolerances along the environmental gradient corresponded to their 
observed period of structural predominance in the vegetation . If the 
mean tolerance of each group is taken as indicating its position on 
these gradients, Table 29 indicates that, while hardwood trees were 
consistently at one extreme of the gradient, the regrowth groups were 
all closely similar and exchanged their relative positions from gradient 
to gradient . The mean tolerances for tree ferns tended to be inter -
mediate, but Table 24 indicates that this was because of wide tolerance 
range and not centralized tolerance. One must therefore conclude that 
the evidence does not strongly support the hypothesis of a multi - staged 
floristic succession . 
Further grouping of the individual species into two classes 
revealed more significant differences (Table 27) . In many instances 
the levels of significance produced by this grouping dropped well below 
the 0 . 001 probability which is the lowest for which tables exist; some 
indication of the increase in significant difference that did occur is 
given, however, by the increase in F values . Again these differences 
were restricted to those phenomena for which individual species 
tolerances differed . Differences in terms of exchangeable calcium 
increased to the required 0 . 05 probability level; in some characteristics 
of soil moisture, differences increased, but not to the required level 
of significance . In terms of other phenomena, tolerance differences 
Ta ble 28 
MEAN ENVIRONMENTAL CONDITIONS 
UNDER WHICH VARIOUS INDIVIDUAL 
SPECIES ESTABLISHED 
< To tal radiation 
~ Blue radiation 
< Green radiatloa 
~ Red radiation 
Daily ma.a . temp. 
depression• ( OC) 
Dail y min . temp . 
dtrrerences ( 0 c ) 
Soll mola. spatial 
l ne t a b llity ( cm tena .) 
Soi 1 mois. temporal 
instability (cm terui.) 
'f e an annual soil mots . 
c o ndit ion ( cm tens.) 
Surf"ac e soll pH ( K.?O) 
Surf"a c e aoll pH {KCl) 
~ Ca rbo n in aurf'ace aoil 
~ Nitrogen in surt'ace 
sol l 
C EC o t sur'f"ac e soi 1 
( meq/100 g,,, ) 
P2o~ ( ;~)rf'ace eoil 
E&c h . Ca in s urf'ac o aoil 
( meq / 100 gm ) 
E&c h. Mg in surfac e eoil 
( meq / LOO g,,,) 
£ x c b . K in surfac e aoil 
( meq / 100 g,,, ) 
£ .1. c b. Na in surface eoil 
( meq/ 100 p, ) 
C/ N ratio or s ~ rrace 
sol 1 
Hardwood 
Trees 
~ ~, ~ 
-~ 
~o ~c~ !~ on ~ ~! 
< u ~ 
) . 67 8.42 
1.19 7 .1 5 
8 .89 8.78 
J.99 10.27 
6.40 5.J) 
-1.00 --0 . 01 
49.21 55 .66 
45.95 64.45 
166. 75 162 . 70 
4 . 95 5.20 
4.25 4 . )0 
9 . ll 9.J8 
0.76 o. 52 
59 - J) 44.25 
JO J4 
J .52 ).85 
0 . 86 0.75 
o. 51 0 . 51 
0 . 10 0 . 07 
14 .45 18.50 
Sof"twood Tree• 
.,; 
if ~ ~ ;~ !~ ~~ ~ u ... ~ .. 
12 .28 14 .19 18.94 
27.08 )1.52 47.64 
11.46 11.87 12.12 
12 . 71 15.74 20.72 
4.16 4 . 49 2. 16 
--0 . 14 +O.J6 ~O. Jl 
5) . 57 99.88 48.75 
61.7) 75.80 72.85 
157.60 1)0.0) 154 . 20 
5.40 5.4) 5.50 
4 . 40 4 . 42 4.55 
6.81 5 . 64 J.07 
o. 50 o . 49 o.44 
4) . 4) 4J . 67 44.54 
16 22 24 
J.70 4.02 J.)5 
0.50 0.7) 0. 57 
0.49 0.59 0 . 62 
0.08 0 . 12 0.04 
1). 6) ll..18 7 . 00 
T r eft- Zi.ngiberaceou.a 
f"enu berbe 
~ . . 
~ ,,_ '0 0 r~ !: ~ ~ ~~!;' L ~ ~I~~ n ~~ 
" 
"0 
11.48 12. 28 11 . 62 
25.48 27 . 08 2) . 19 
10.21 11.46 9.96 
lJ.40 12 . 71 12.99 
5.00 4.16 5 . )6 
+0 . 0.5 --0 .14 +0 . 28 
7).05 5)-57 82.60 
60 . 9J 61.?J 60.52 
127. 79 157 .60 122.26 
5.J5 5.40 5.J9 
4.)9 4.40 4.)8 
6 . 15 6.81 6.57 
0.56 0.50 0 . 52 
49.06 4J . 4J 4).66 
)2 16 JJ 
4.2) J.70 4.61 
0 . 91 0.50 0.97 
o.5J o.49 o. 50 
0.12 0 . 08 O.lJ 
11.70 1J.6J lJ . 14 
~ i, :! i ii~ ~.-. ~!~t ...... 0 ...... " ~~ ., !! ~ 
~Ii a. ... X 
14.96 18 . 94 12.52 
)6.50 47.64 )1.41 
12 . 05 12.12 8.65 
15 . 50 20.72 14 .)4 
4.)2 2 . 16 4.48 
--0.15 --0. Jl --0.2) 
eo.25 48. 75 5).89 
54.09 72.85 62.lJ 
105.57 154.20 164 .90 
5 . 61 5.50 5.2) 
4. 50 4.55 4.JO 
4.26 ) . 07 7 .22 
o.41 o . 44 o.48 
37.72 44. 54 4J.55 
26 24 JJ. 
4.).5 ) . J5 ).)J 
0.71 0.57 o.6o 
o.60 0.62 o.49 
0.07 0.04 0 . 06 
10.67 7.00 14.70 
Sma ll Herb• etc . 
i·~ ,~ i!~ on =~ .. ~ : ~ O C-< ~ u; 
". 
(I) ... 0 
lJ . Jl 18 .06 10.06 
27.75 4).41 25.58 
11.8J 17 . 0J lO.J8 
14 .42 19.8J 8. J7 
4.76 J.61 5.4) 
--0 .19 +0.)7 +O.)J 
98 . )9 194.85 48.)5 
64.57 )7.05 79-)5 
1J6.4J 7).15 11).10 
5.49 5 . 60 5.85 
4 . 40 4.6o 4.65 
5 • .56 ).7) ).J5 
o.44 o.4o O.J6 
42 . l ) )6.lJ 27.12 
19 42 25 
4.16 5.12 4.99 
0.7) 0 . 98 0 . 71 
0.59 0.61 O. 50 
0 . 12 0.07 o.04 
12 .99 9.4 5 9.10 
i s ~ c a,~ 
lJ . 16 
22 . 07 
11.56 
lJ • .57 
J.62 
+0.12 
44.99 
85.5) 
116.87 
5.7) 
4.70 
4.01 
o.41 
)7-79 
26 
5.0) 
0.82 
0.89 
0.07 
9.6) 
. 
=-o«> ..... 
'"" ;~ 
~ 
. 
X 
8.81 
10.95 
5.8J 
10.60 
5.40 
•0.69 
51.25 
6J . 75 
110 . 60 
5 . 45 
4 . 55 
6 . 61 
0 . 56 
4J.02 
J6 
5 . 0.5 
1.21 
o. 4J 
0 . 09 
11.75 
I-' 
~ 
\..0 
Table 28 
(Continued) i Total radiation 
1, Blue radiation 
~ Groen radiation 
c,( Red radiation 
Daily ma.a. temp . 
d o pression..s ( 0 c ) 
Daily min . temp. 
d l rferenc es ( 0 c) 
S o t l mois . spatial 
in s tabilit y (cm tens. ) 
Sol 1 mois . tempo ral 
ins tability ( cm tena .) 
He an annual soil mois. 
c ondit ion (c m tens.} 
Surfac e soil pH ( ft.?O) 
:~ii~ 
::~ 
• C 
, 0 
:. u 
12. 47 
2 5.58 
~ 
P
·~ 
- r--, _ 
~ 
C 
:z: 
13.09 
29 . 27 
~ 
~~ ~-a - c • ., g:;:: !::; :lio 
.5~.... ~ § ta~ 
~ :, .... -
::: e u ="' 
13 . 47 13 .17 8 . 42 
48 .61 20.82 7 .15 
],!~ ~~~ 
-c-!' 0 .. 
10. JJ 
J.5.88 
~ 
·-i .. _ e-
, 
" 
l J .42 
J9,4J 
Sma.l.l Herba etc. 
.. 0 
g~ 
a.:. 
5. 7J 
7 . 40 
~ 
~ - .F o -0 E ::J.t (""'\ Q .., " -=- .., 0 .il'0 ~ " "' ~:r r 
1.5 . 61 4.08 
J.5.90 J.92 
i 0 " -0 "' g ~ jf 
9 . 2 6 
19 . 75 
~
, 
-
C -
.. r--
• n 
g ~ H-
J.22 
2.6J 
~ 
,;F~ o -
" C 
6. 84 
5. 50 
=1 ~ ~ ~ ,,c; 
f ·- -5 
.. ~ < 
5 .82 5.79 
4 .90 4 . 40 
! 
!I ~ s
~ ~· 
12 . 28 
27 .08 
11. 02 11. 24 8 . 98 11.99 8.78 L0.48 8 . 70 7.61 12,79 8.38 8.84 6.69 8 . 4J 7.4J 8.19 11.46 
l J.;5 lJ.94 l J .68 14.54 10. 27 10.4.5 14.16 6.89 16.25 4.99 9.71 J.70 8.40 6.99 7.1.5 12 , 71 
4.74 4.58 4 . J2 4.66 5 . 53 .5.05 5.41 4.99 4.16 6.)0 5.4.5 7.01 6.2J 6.27 6.70 4 . 16 
•O . 14 •0 . 20 -0.39 •0.16 -0.01 +0 . 29 +0.4.5 +0,52 +0.18 -0 .81 +0.21 - l.J9 -0 . 57 -0.70 -0 . 9.5 -0.14 
7 1. .52 7 1. 59 54. 64 78 . 97 .55. 66 49. 72 49. 7.5 51.2 J 89.18 47 . 07 51.82 46. 32 47 . 66 50 - 99 42. JJ .SJ • .57 
58, 95 63. 94 
.51.50 .59.6J 64.4.5 111..5.5 61.7.5 UJ • .5.5 .57.46 80.27 69 • .56 Jl.7.5 49 . 16 48.10 38.97 61.73 
118 . 2 1 llJ.45 167.67 107,.59 162.70 184 . JO 120.8.5 174.05 109.10 174.n 1.52,92 140,3.5 lJJ.86 1.51..53 114.6J 157 . 60 
5 .4 5 5. 54 .5.27 .5. 50 .5.20 
.5 - J.5 .5.2.5 .5 • .55 .5.67 4,9J .5.48 4.70 4.94 4.95 4.77 5.40 
Surface soil pH ( KCL) I 4.4 5 4.50 4.2J 4.50 4 . JO 4,2 .5 4.20 4 . 6o 4 • .56 4 .1 3 4.38 4 . 00 4.18 4.15 4.10 4.40 
<( Carbon ln surface soil' 5,.59 4 . 72 6 . 70 5.88 9.38 5.67 8.27 4 . 01 3 . .54 6.49 .5.9J 7.80 8 . 78 8 . 59 8.61 6 . 81 
~ !" l t rogen in surf'ac e 
s oil 0 . 49 0.47 o.48 o.47 0.52 0 . 52 o.,58 0.50 o.J8 0.81 o.46 0 . 99 0.79 0.75 0.98 0 . 50 
CEC or aurrace s ot 1 
( meq/100 gm) I 4 1.85 39 , 71 41.86 41.15 44.2.5 40.07 4J,92 39.17 36.1 3 62 . 97 J9,81 7.5,08 .59 • .52 59 , 91 69.70 4J.4J 
P, o5 1.n aurf;ice aoil 
• ( ppm) I J2 J 2 15 41 J4 7 24 19 JO J .5 18 4 5 54 40 67 16 
E.zc h. Ca Ln surface aoi l 
(meq/ 100 gm) I 4.6o 4.7J 2.99 4 . 48 J.8.5 J . 24 2.80 .5.49 4.40 J.05 4.J2 2. 49 J.87 J,17 J . 88 J , 70 
E.J:cb . Mg 1.n aurt"ace aoll 
( meq / 100 gm) I 0.89 0 . 89 O.JJ 0.98 0.75 0 .34 o . 41 1.18 0.77 0.92 0.78 1.01 1.10 o.88 l.JJ 0 . 50 
Ez c b. K 1.n surf'ace soil 
( meq/ 100 gm) 
£.1:ch . Na in surf'ace aoil 
( meq/100 gm) 
C/ N ratio of surface 
soil 
0.54 0 . .54 
O. LO 0.11 
11.65 10.25 
O. JS 0.6J 0 . .51 0 . 27 O. JO o.4o 
0.08 0 . 09 0 . 07 0.20 0.14 0.22 
13.70 12.69 18.50 10 . 7.5 14.40 8 . 10 
0 • .55 
0.57 
9 . 96 
o.47 0.39 
0 . 2J 0.15 
8. l J l J . 76 
0. 46 o . 4!, o. 48 o .42 0.49 
0 .20 0.14 O. l J 0. 19 o . 08 
7 .90 12. 72 lJ.20 8. 87 IJ . 6J 
~ 
IJ1 
0 
Table 29 
MEAN ENVIRONMENTAL CONDITIONS UNDER WHICH 
VARIOUS LIFE FORM TYPES ESTABLISHED 
Hardwood Tree Softwood Zingiberaceous 
trees ferns trees herbs 
% Total r adiation 3 .43 11 . 48 14 . 53 11. 79 
% Blue radiation 1. 56 25 . 48 35.67 24.17 
% Green radiation 8.35 10 . 21 11.53 10.35 
% Red radiation 3 . 75 13.40 15 . 68 12. 92 
Daily max . temg . 
depressions ( C) 6 . 65 5.00 4.05 5.06 
Daily min. temg . 
differences ( C) 
- 1.11 +0 . 05 +0 . 05 +0 . 17 
Soil mois . spatial 
ins t ability (cm tens) 47 . 07 73.05 74.14 75 . 34 
Soil mois . temporal 
instability (cm tens) 54 . 54 60 . 93 69 . 99 60 . 82 
Mean annual soil mois . 
condition (cm tens) 156 . 22 127.79 138 . 98 131.09 
Surface soil pH (H20) 4.87 5.35 5 . 45 5 . 39 
Surface soil pH (KCl) 4.19 4 . 39 4 . 43 4 . 38 
% Carbon in surface soil 8 . 75 6.15 5 . 18 6 . 63 
% Nitrogen in surface 
soil 0 . 86 0 . 56 0 . 48 0 . 52 
CEC of surface soil 
(meq/100 gm) 64 . 75 49 . 06 42.81 43 . 61 
P205 in surface 
soil (ppm) 34 32 21 28 
Exch . Ca in surface 
soil (meq/100 gm) 3.19 4 . 23 3 .81 4 .38 
Exch . Mg in surface 
soil (meq/100 gm) 0 . 91 0 . 91 0 . 62 0 . 85 
Exch . K in surface 
soil (meq/100 gm) 0.49 0 . 53 0.55 0 . 50 
Exch . Na in surface soil 
(me q/100 gm) 0 . 12 0 . 12 0 . 09 0 . 12 
C/N ratio of surface 
soil 12.3 11. 7 10 . 7 13 . 3 
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Small 
herbs 
13 . 69 
30 . 30 
11.54 
14.74 
4 . 46 
+0.14 
99 . 02 
60 . 54 
118 . 01 
5 . 45 
4.48 
4. 96 
0 . 45 
39 . 96 
31 
4 .43 
0 . 68 
0 . 54 
0.09 
11 . 2 
Table 30 
MEAN ENVIRONMENTAL CONDITIONS UNDER WHICH 
TWO TYPES OF SPECIES ESTABLISHED 
% Total radiation 
% Blue radiation 
% Green radiat ion 
% Red radiation 
Daily max . t emg. 
depressions ( C) 
Daily min . temg. 
differ ences ( C) 
Soil mois . spatial 
instabilit y (cm t ens ) 
Soil mois . temporal 
instability (cm tens) 
Mean annual soil mois . 
condition (cm tens) 
Surface soil pH (H20) 
Surface soil pH (KCl) 
% Carbon in surface soil 
% Nitrogen in surface 
soil 
CEC of surface soil 
(meq/100 gm) 
P
2
0
5 
in surface soil (ppm) 
Exch . Ca in surface 
soil (meq/100 gm) 
Exch . Mg in surface 
soil (meq/100 gm) 
Exch . Kin surface 
soil (meq/100 gm) 
Exch . Na in surface soil 
(me q/100 gm) 
C/N ratio of surface 
soil 
Hardwood tree 
species 
3 . 43 
1.56 
8.35 
3 . 75 
6 . 65 
- 1.11 
47 . 07 
54.54 
156 . 22 
4 . 87 
4 . 19 
8 . 75 
0 . 86 
64 . 75 
34 
3.19 
o. 91 
0 . 49 
0.12 
12 . 3 
Regrowth 
species 
13 . 57 
30 . 30 
11 . 40 
14 . 64 
4 . 47 
+0 . 13 
75 . 18 
61.53 
122.26 
5 . 45 
4 . 46 
5 . 19 
0 . 46 
40 . 76 
29 
4 . 34 
o. 79 
0.54 
0 . 09 
11 . 4 
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remained insignificant. Species tolerance ranges can therefore be 
taken to have been relatively distinct along certain environmental 
gradients, clustering somewhat according to life form type, but with 
the greatest inter-group discontinuity between hardwood tree species 
and species of all other life form types. 
One must therefore conclude that the overwhelming t endency was 
for the species considered to operate ecologically as two distinct 
groups in terms of tolerance to radiation, air temperature, soil pH, 
carbon content, CEC, nitrogen content and exchangeable calcium . In 
Table 30 the tendency of one group toward 1early 1 micro - environmental 
conditions and the other towards 1 late 1 conditions on each gradient can 
readily be seen . If it is assumed that the species tested represented 
an unbiased sample of all species encountered, then the same conclusions 
can be extended to this wider population . There was, therefore, an 
overwhelming tendency for any floristic succession to have been two -
phased, providing that the necessary micro - environmental alterations 
took place during revegetation . To interpret the floristic succession 
that was occurring, therefore, it is necessary to consider these results 
in conjunction with those on micro-environmental changes arrived at in 
the preceding section. 
FLORISTIC SUCCESSION, CONCLUSIONS 
The critical factors dete r mining the occurrence and nature of 
a floristic succession (i . e. an elimination of established species and 
their replacement by other species) in the study area were, therefore, 
those which prohibited either hardwood tree species or regrowth type 
species from establishing . The evidence available suggests that hardwood 
trees were prevented from e stablishing by the following factors : 
high radiation intensities , 
high air temperatures, 
high soil pH , 
low soil carbon levels, and 
low soil cation exchange capacity . 
Although hardwood trees tended to establish under conditions of soil 
nitrogen that we r e significantly higher than those under which regrowth 
species es t ablished, this factor is excluded from the list ; it has 
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been shown that high nitrogen levels were primarily a result of the 
predominance of hardwood trees which, to attain this predominance, must 
have been capable of establishing in conditions of relativel y low 
nitrogen . Further experimentation may extend this list to other, un -
measured, phenomena but the evidence available does not permit this. 
It should be noted, that in stand 17, where air temperatures and 
radiation levels had increased considerably and CEC levels decreased 
somewhat as a result of logging, hardwood tree seedlings which probably 
established before disturbance had maintained thems e lves in thes e 
changed conditions . 
Conditions which appear to have prevented regrowth species 
establishing were as follows : 
low radiation levels, 
low air temperatures, 
high soil nitrogen contents, 
low soil pH, 
high soil carbon contents, and 
high soil cation exchange capacity . 
This list can be refined using evidence from stand 17 where many regrowth 
species had established . There, soil pH had remained low and soil 
carbon content and cation exchange capacity relatively high, indicating 
that these conditions were unimportant as regrowth specie s excluders. 
The floristic succession that was taking place in the study 
area can be illustrated in two ways . Firstly, a table of all possible 
combinations of excluding factors can be prepared, the sites where these 
combinations occurred noted , the flora likely to establish there 
predicted, and this compared with field data . Some of the apparent 
excluding factors can be eliminated from this table where measurement 
errors and non - independent variation made the measured stand means of 
doubtful accuracy; blue and green radiation and daily minimum air 
tempe rature differences can be excluded for these reasons . Seve ral of 
the remaining factors tended to occur in parallel and can be grouped as 
one factor . Red and total radiation receipts were closely correlated 
(Figure 34) while a crude correlation existed between these variables 
and daily maximum air temperature depressions (Figure 35) . Similarly 
Figure 33 
The relationship between the prominence of Ficus sp. (1662) in 
a stand and the potassium content of the litter of that stand. 
Figure 34 
The relationship between the per cent total radiation and the 
per cent red radiation measured in the sampled stands . 
Figure 35 
The relationship between the per cent total radiation and the daily 
maximum temperature depression measured in the sampled stands . 
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soil pH and CEC were correlat ed (Figure 36) and soil carbon was closely 
related to these (Figure 25) . Thus, the table can be reduced to a three -
attribute configuration (Table 31). 
Of the eight possible combinations of attributes, four were not 
found in the field ; this apparently reflected the response of different 
at t ributes to the same influencing factor. Thus, for example , a 
combination of high soil nitrogen, high air temperatures and insolation, 
and low soil carbon, CEC and acidity were never found because high 
nitrogen levels required a hardwood tree cover which automatically 
lowered radiation andai.r temperature levels while raising soil carbon, 
CEC and acidity . Even if any of these four combinations had occurred, 
however , it seems that neither type of species would, in theory, have 
been capable of establishing in it, and it could only have supported a 
unique and alien flora. Of the four remaining combinations of attributes 
that did occur, one represents forest conditions where the combination 
excluded regrowth species but permitted hardwood trees to establish 
there (i . e . permitted the forest to regenerate in situ) . Two other 
combinations represent conditions produced by forest clearance, with or 
without burning and cropping; in both instances regrowth species 
establishment was favoured. The final combination represents conditions 
found under long - established grasslands, such as stand 14, and is the 
most interesting . In such situations the insolation receipts at the 
ground surface and the temperatures experienced in the adjacent air layer 
were both low, excluding other regrowth species . Conversely, soil pH 
still remained high and carbon content and CEC low, discouraging the 
establishment of hardwood trees. Thus, while the reasons for the initial 
establishment of these grasslands must have lain with other factors, 
the reason for their stability was the evolution of a unique micro -
environment beneath them. Clearly, over a long period some establishment 
of woody species must have taken place as was happening in stand 16. 
This is to be expected as scattered chance breaks in the grass cover 
must have occurred and allowed the establishment of the woody plants . 
Woody growth initiation under such conditions is likely to be much more 
Figure 36 
The relationship between pH and cation exchange capacity in the 
surface soil of sampled stands . 
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Table 31 
POSSIBLE COMBI NATIONS OF HIGH AND LOW VAWES OF FACTORS 'DiAT 
PREVENTED FOREST OR REGROW'IH TYPE SPECIES ESTABLISH nm 
1) High surface 1) H 18!! maximum 1) Low surface Occurrence of 
1011 nitrogen air t~eratures soil carbon Combination 
2) High levels of 2) Low surface 
radiation soil CEC 
3) Hilh surface 
soil 2H 
X X X Nowhere 
X X 
-
Nowhere 
X 
- -· 
Forest 
X X Abandoned 
- fields 
-
X 
-
Logged-over 
forest 
X 
- -
Nowhere 
- -
X 
Established 
grassland 
- - -
Nowhere 
Establishi!!,8 
Flora 
Neither 
Neither 
Forest 
species 
Regrowth 
species 
Regrowth 
species 
Neither 
Neither 
Neither 
rare than it would be directly on to bare ground , however, and this 
perhaps accounted for the patchy distribution of softwood trees and 
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tree ferns on site 7 which was probably covered by Imperata cylindrica 
var . ma j or for some time aft er its abandonment. A final anomalous 
feature needs comment . This was the poor establishment of tree fern 
sporelings in grasslands for, as a species of wide tolerance, it should, 
theo r etically, have been an ideal colonist . It is possible that some 
form of compensation may have taken place between environmental 
variables affecting tree ferns, and that the appropriate combination 
did not occur in grassland. 
Table 31 c learly represents an over - simplification of field 
conditions as all significant factors are treated at two distinct 
levels : high or low . Unfortunately, the analysis of variance results 
do not permit a more refined treatment, and insufficient data are 
available accurately to define the tolerance extremes of all species . 
A more realistic illustration of the floristic succession can be made, 
however, by showing changes in predominances and seedling numbers along 
each environmental gradient . This has been done in Figure 37, each 
portion of which represents conditions along one environmental gradient. 
Points on the graphs are calculated as means for data falling within 
standard segments of the gradients . Shaded and un - shaded portions of 
each diagram represent per cent hardwood tree and per cent regrowth 
species predominance, respectively . Summed frequencies of hardwood 
tree seedlings, tree fern sporelings and softwood tree seedlings 
(reduced to a standar d 18- quadrat per stand sample) are superimposed 
on the diagram . For clarity , the seedling frequencies of small herbs 
and large zingiber aceous herbs have been omitted and the softwood curve 
taken as representative of the regrowth flora. The salient features 
of these diagrams are as follows : 
(1) A tendency for hardwood tree predominance and regrowth 
species predominance to occupy distinct portions of the 
environmental gradients . Only on the gradient of 
exchangeable calcium does this not hold, suggesting that 
Figure 37 
Floristic succession: the changes in the predominance of 
hardwood trees and regrowth species and the changes in seedling 
frequencies along micro- environmental gradients . 
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this variable was unimportant in determining the general 
trend of the succession. 
(2) A t endency nr hardwood tree seedlings to occur abundantly 
only at one end of all the gradients except that of 
exchangeable calcium. 
(3) A tendency for softwood tree seedlings to occur abundantly 
at the opposite end of gradients of insolation and daily 
maximum air temperature depressions. Their uniform 
occurrence along other gradients suggests that the 
variables represented were not effective in excluding them. 
(4) Despite this polarization there is considerable overlap, 
indicating that the distinctness of the two-phased 
floristic succession may have been considerably 1blurred 1 
by the fact that the tolerances of individual species 
were not restricted to within the groups to which they 
were allocated . 
(5) Tree fern sporelings tend to occur with uniform abundance 
throughout all gradients indicating a uniform establishment 
throughout the succession and within the forest . 
The temptation to use these diagrams to determine the 
environmental conditions under which hardwood tree seedlings establish 
in abundance has been resisted because variations in seedling numbers 
along each gradient may not have been fully independent of other 
measured or un-measured environmental variables. On all gradients , 
however, a uniformly low abundance of hardwood tree seedlings was 
recorded at the extreme representing micro- environmen tal conditions at 
or soon after a site was abandoned . It is therefore safe to conclude 
that the establishment of hardwood tree seedlings was unlikely to have 
occurred immediately after abandonment. The time at which conditions 
did become suitable to hardwoods depended both on age and the type of 
secondary vegetation that came to predominate in the stand : radiation 
and air temperature conditions gradually became more favourable 
irrespective of cover type while favourable soil conditions (carbon, 
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CEC, pH) appeared only when woody regrowth began to predominate in the 
stand . However, unless abnormal circumstances intervened (see Chapt e r 6), 
woody species usually became prominent within a few years, or l ess, of 
abandonment, permitting at least some hardwood species to es tablish in 
the stand from this early period . Woody regrowth species, therefore, 
although having similar environmental tolerances for es tablishmen t to 
the small herbs predominant in young stands, played a distinct and vital 
role in the regeneration of forest . As they were capable of establishing 
under the same conditions as the 1early' small herbs, one must conclude 
that the role of this latter group of species was of minor importance in 
the process of forest re - establishment; in most cases they were f i eld 
weeds that maintained themselves in the vegetation for some time by 
virtue of their rapid growth . Wher e few had become established, as in 
remote forest clearings, seedlings of softwood trees became established 
exclusively and a stand similar to that of number 18 appeared . A 
predominant herb stage can be detrimental to the floristic succession 
(and hence, ultimately, to the structural succession) by prohibiting 
species of other life forms from establishing successfully beneath it . 
The time at which regrowth specie s were prevented from 
establishing is also difficult to define . High radiation and air 
temperature appear to have been the main excluders of this flora, and, 
while both underwent progressive alteration throughout the period 
measured , the most dramatic changes in these factors had already taken 
place in the stands before they were sampled . It is probable, therefore , 
that the seedling numb e rs recorded in the stands merely r epresented the 
terminal phas e of scattered establishment and that, at the time of 
sampling, most were already effectively excluded from the vegetation . 
STRUCTURAL SUCCESSION 
The results presented above indicate that a successive change 
in flora cannot, by itsel f, have accounted for the successive changes 
of stand structure s observed in the study area . The only aspect of the 
structural succession that is explainable as a necessary concomitant 
of the floristic succession is the replacement of r egrowth life forms 
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by hardwood trees . As it has been demonstrated that all of the pre-
dominating life forms of stages prior to the hardwood tree stage 
established at about the time of abandonment, the several distinct 
structural stages that did occur before the eme rgence of mature hard-
wood trees can only be attributed to differing growth rates among the 
secondary flora . The structural succession may be termed self-induced 
or autogenic insofar as it was a r ef l ection of the inherent properties 
of the species involved . 
In what may be t e r med the 'typical' succession in the study 
area, on land lightly cropped after clearance of forest, the following 
structural changes would have taken place . 
(1) During cropping of the site the weed flora would have 
included elements of all types of regrowth life form , 
small herbs, softwood tree seedlings, juvenile 
zingiberaceous herbs and tree fern sporelings . (It is 
assumed that hardwood tree seedlings were completely 
killed under burning and cropping . ) 
(2) During the cropping period, the rapid growth of the small 
herbs would have led to their predominating in the stand ; 
this situation would have persisted for up to a year 
after abandonment . Many of these small herbs would have 
reproduced vegetatively and so ma intained themselves on 
the site despite an altered micro - environment. Plant 
mass at this time would have approximated 3 kg . per sq . m. 
(3) After a year , young softwood trees would have begun to 
overtop the herb layer, closing rapidly to form a comple t e 
cover that would soon have eliminated the small herbs . 
Beneath the softwood trees, tree ferns would have continued 
to grow slowly . When the stand age had reached 6- 7 years, 
the plant mass would have approximated 12 kg . per sq . m. with 
tree density varying considerably from stand to stand . 
If the invaders had been small trees such as Omalanthus 
cf . surigaoens e , a high density, even - canopied stand would 
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have resulted; as these are shorter-lived, death would 
have taken place at between 10 and 15 years of age and 
the stand would have passed directly to tree fern 
predomination . If the invaders had been large trees 
such as Trema orientalis or Mallotus paniculatus, tree 
density would have been lower and the canopy more uneven 
and broken . As these are relatively long- lived, tree 
ferns would have remained suppressed indefinitely beneath 
them and predominance would have passed directly to hard -
wood trees (provided these could migrate to the site) . 
(4) In stands where tree ferns had become predominant, plant 
mass would have changed little from that of the foregoing 
stage . These tree ferns, unlike the softwood trees, would 
have been able to reproduce in situ and so maintain the 
stand in a constant structural state until such time as 
hardwood trees migrated to and established in the stand, 
matured, and eventually overtopped the tree ferns . There -
after the tree ferns would have maintained themselves in 
a subordinate position in the forest . 
Tree ferns were thus the only species occurring locally which were truly 
analagous to lymph in the human body (van Steenis 1958), circulating 
within the 'body' of the forest and forming a 'scab' where necessary. 
A structurally similar, but floristically distinct succession, 
took place where disturbance had been minimal, such as in logged - over 
forest. Here, already established hardwood seedlings maintained them-
selves and were thus present throughout the succession, although a 
similar staging of predominating life forms took place. The herb stage 
tended to be floristically distinct with few field weeds; sparser 
herbs, typified by Impatiens sp . , temporarily predominated and occasional 
dense stands of juvenile Musa sp . occurred . Thereafter, the structural 
succession proceeded as described previously with the difference that the 
re-establishment of hardwood trees took place more rapidly . 
In addition to these stages in the 'typical ' structural 
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succession in the area a number of aberrant structural types occurred. 
Established stable stands of small herbs were the most common of these. 
While the reasons for their stability have been described, the causes 
of their initial establishment are less clear; fire is the most widely 
cited explanation and, in stand 15, may have been responsible for the 
death of young softwood tree seedlings . The added effects of repeated 
weedings before abandonment will also be assessed in the next Chapter. 
In stand 14, it seems likely that few woody species established at the 
time of abandonment as there was no record of fire there. As this was 
a former house-site and as it was the only stand in which Panicum maximum 
was found, it seems probable that this bunch-grass was the sole species 
capable of establishing successfully on the compacted soil of the site. 
Stands of large zingiberaceous herbs are more difficult to 
explain. Both species we r e widespread and it is possible that, where 
abundant at the time of sampling, they had merely proliferated 
vegetatively filling a structural gap. Where softwoods were dying and 
no tree ferns or hardwood trees were replacing them, as in stand 4, 
colonies of Hornstedtia sp. were appearing. In stand 7 this species had 
probably extended to fill all gaps between the scattered softwoods and 
tree ferns. As these stands did not possess conditions unfavourable to 
softwood or tree fern establishment, it is surprising that they were not 
replaced: it is possible that the exclusion mechanism was some un -
measured environmental phenomenon. Exclusion of hardwood seedlings was 
expected because conditions were very different from those of forest . 
Thus, with all structurally higher life forms excluded and self-maintenance 
assured by vegetative propagation, these stands appear to have been 
destined for long periods of stability. 
SECONDARY PLANT SUCCESSION 
The secondary plant succession that took place during the 
revegetation of abandoned sites in the study area was, therefore, of 
far greater complexity than first appearances suggested . The apparent 
multi-staged succession of structures could be shown, by detailed 
sampling, to be a real phenomenon. Its explanation lay in two distinct 
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processes, however : 
(1) Differing growth rates of an established population of 
species most of which, except for tree ferns, could not 
reproduce themselves sexually in situ . 
(2) A successive change of floras from one of regrowth 
species to one of forest species; the hardwood trees of 
the forest flora serving as the predominating life form 
of the terminal structural stage of succession . 
The floristic succession in the area showed an overwhelming 
tendency to be two - phased. Because of this, the flora of any stand 
tended to be composed of two distinct elements (a) those species 
which established before or shortly after site abandonment and which, 
through longevity or vegetative reproduction, had succeeded in maintaining 
themselves in the stand, and (b) those forest species which, 
subsequent to the start of revegetation, had succeeded in establishing 
in the altering micro - environment and maintaining themselves thereafter . 
Despite the distinct two - phased nature of this floristic succession it 
cannot be satisfactorily described as two-staged. All stands save those 
at the extremes of the succession, showed an intermingling of the two 
floras in varying proportions. Even in so small an area, location of a 
stand and chance entrants produced distinct floristic differences 
between stands of similar ages and site treatments. Floristic succession 
in the study area can, therefore, in some degree, be likened to Whittaker ' s 
(1953) 'change of populations with time', although polarization of the 
species into two ecologically distinct groups means that the combinations 
were not entirely random. A 'typical' succession is described for 
convenience only; succession followed many courses even when the treat -
ment of sites had been identical . The recognition of a 'sere' or 'unit 
succession' in the study area cannot be justified, therefore . 
The insignificance of soil nutrients (at least as measured by 
the methods used) and soil moisture conditions, in the general process 
of succession in the study area is notable, and contradicts the often -
repeated statement on the importance of these factors to the course of 
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secondary rain forest succession. It is possible that changes of these 
phenomena may have taken place with revegetation on individual sites, 
although these were masked by greater site - to-site differences . If 
species sensitivity to these phenomena existed (although un -detected in 
the analysis), the r e is the possibility that an 'individualistic ' 
succession was taking place on each site. 
CHAPTER 6 
THE FLORISTIC AND STRUCTURAL CHARACTERISTICS OF 
REGROWTH STANDS IN THE STUDY AREA 
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The purpose of this chapter is to examine the importance of 
ce r tain habitat factors in determining gross aspects of the regrowth 
stands studied. Clearly, if a 'sere ' had been occurring in the study 
area the time factor would have been all-important and stand character-
istics, both floristic and structural, could have been predicted from 
this alone. The importance of site locational differences, differing 
degrees .of disturbance and chance floristic entrants in complicating 
the sere have been mentioned in the previous chapter . While the first 
two of these can be estimated, the last cannot be, and the amount of 
un-explained variation in stand characteristics that remains after the 
effects of these two have been allowed for gives a measure of the 
importance of this chance intrusion. 
STAND FLORISTIC CHARACTERISTICS 
It is clearly not possible accurately to predict the floristic 
composition of a stand given the flora of the region in which it is 
situated: too little is known of the individual properties of species 
and the factors affecting colonization . The floristic data collected 
from the sampled stands suggested, however, that the numbers of species 
of certain ecological groups were varying in an orderly manner. It 
has been suggested in Chapter 5 that the species occurring in the study 
area were classable into two distinct groups in terms of their 
environmental requirements for establishment : the first group was of 
species which established themselves before or at the time of site 
abandonment but only negligibly thereafter, whilst species of the 
second group only began to establish at some time after revegetation 
had begun. Casual inspection of the stands and species lists indicated 
certain similar ities and an orderly variation in the size of these two 
groups . While some of these characteristics are difficult to explain 
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they have, nonetheless, been reported to enable comparisons with the 
conditions found in other areas and in the hope that future research 
may throw some light on their causes. 
The total species population of the study area has been 
divided into two groups, r egrowth and forest, inevitab l y a somewhat 
subjective process . The separation was based on the tolerance 
differences among 30 widespread species detected in the previous 
chapter and, whilst the extens ion of these conclusions to the whole 
species population is speculative, it nevertheless conforms to field 
observations. Widely occurring species of either forest or regrowth 
could be allotted to one group or the other with some objectivity, but 
for the sizeable number of infrequent minor species, the allocation 
was less certain. Field notes made at the time each plant specimen was 
collected have been used extensively; these were based on my own 
observations and the recommendations of a local helper familiar with 
the flora . To avoid retrospective judgements, the separation was made 
prior to analysis and maintained without alteration thereafter 
(Appendix VIII). Of the total population of 346 species (Cyathea and 
Coffea spp. having been omitted and a number of species from non-
analysed stands included), 189 were designated as forest and 157 as 
regrowth. Although the size of these two groups seems similar, it must 
be remembered that, because of more extensive sampling, the number of 
regrowth species probably represented a high proportion of those 
actually occurring in the area whereas the number of forest species 
was certainly only a small proportion of the total. The r elative size 
of the two groups is given in Table 32 . In stands where a 21-quadrat 
sample was taken, the sizes of the groups were reduced proportionately, 
making them comparable, on a unit-area basis, with the remaining 
18-quadrat samples . 
THE REGROWTH GROUP OF SPECIES 
The regrowth group of species may be thought of as a widely 
dispersed and highly mobile population . As most of the herbs of this 
group are common field weeds, this high mobility is a prerequisite for 
Stand 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Tab le 32 
NUMBERS OF FOREST AND REGROWTH SPECIES 
IN SAMPLED STANDS 
(All samples reduced t o 18 quadrats) 
Regrowth spp. Forest spp . 
44 3 
40 3 
50 26 
41 12 
35 43 
37 27 
42 2 
42 15 
33 17 
27 15 
42 35 
8 61 
17 67 
21 1 
19 1 
26 0 
37 53 
53 49 
Abaca plantation 23 2 
Corn fie ld 39 0 
Young wood y 
regrowth 32 12 
167 
% of Forest spp. 
that were trees 
0 
33 
58 
33 
74 
59 
50 
47 
30 
65 
74 
46 
37 
0 
0 
0 
55 
43 
0 
0 
50 
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their survival. Similar properties in regrowth trees are widely connnented 
on ( see Richards 1952), and the entire group is appropriately termed 
' biological nomads' by van Steenis (1958) . The work of Symington (1933) 
in Malaya suggests that many of these species also possess seeds capable 
of prolonged dormancy in forest soil. Observations in the study area 
confirmed these views . The rapid appearance of regrowth species in 
considerable numbers in isolated openings in the forest suggested that 
their seeds were already present, dormant in the forest soil. 
Conversely, subsoil exposures a long logging trails, while revegetated 
more slowly than undisturbed soil, were usually well colonized within 
a year after exposure, suggesting moderately quick migration of 
propagules over the short distance to such sites. It is not surprising, 
therefore, that most young stands possessed a sizeable complement of 
species of this highly mobile group. What is notable, however, was the 
consistency of species numbers per unit area on similarly treated sites . 
Stands 1, 2, 17 and 18, all of comparable age and similarly light 
treatment , possessed closely similar numbers of regrowth species while 
two other sites, one a corn field just abandoned and the other on a 
one year old site formerly cleared twice without cropping, similar 
numbers were also recorded (39 and 32 respectively) . This uniformity 
in species numbers may have reflected a random distribution of 
pr opagules throughout the area although data are insufficient to test 
this. Conversely, it may have represented the maximum number of 
ecologically distinct units (species ) that could be integrated on the 
given area of ground . As the regrowth group made up a major proportion 
of the total species in most stands, this uniformity in numbers per 
unit area was probably responsible for the constant sample size that 
was found necessary in order to sample stands with equal intensity 
(Chapter 2) . 
While the presence of so uniform a number of colonizing 
species is difficult to explain, it is possible to propose factors 
which could account for reductions in this number , provided the 
constituent species possessed differing tolerances to these factors . 
Figure 38 
The relationship between the number of regrowth species in a 
stand and the number of times the site was cleaned , in sampled 
stands of comparable age . 
Figure 39 
The relationship between the number of regrowth species in a 
stand and the age of the stand , in stands that underwent 
similarly light disturbances . 
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Differences in site environment at the time of abandonment may affect 
this but insolation and air temperatures at that time we r e similar at 
all sites and it has also been shown that regrowth species were in-
sensitive to variation in most soil conditions (Chapter 5). A second 
significant factor may have been a diminution in the store of viable 
propagules in the soil as a result of repeated cleanings (weedings) 
during cultivation . If a significant proportion of the regrowth species 
on each site arose from donnant propagules, it is conceivable that 
repeated cleanings removed s eedlings from these and led to a progressive 
depauperization of the viable propagule store . The effects of such a 
process would be expected most severely to have influenced the longer 
maturing and more slowly migrating species, whilst having favoured the 
rapid maturing and freely migrating types. The approximate number of 
cleanings (including initial clearings and burnings) before abandonment 
of stands of comparable ages has been determined and plotted against 
the number of regrowth species in them (Figure 38). While the relation-
ship between the two variables is not clear, some joint variation does 
exist : linearity would not be expected as presumably a pool of resistant 
or ephemeral migratory species existed which were able to colonize sites 
irrespective of the number of times they had been cleaned. Annually 
burned grasslands , with their poor flora, probably come closest to 
stands entirely dependent upon such species . It is not possible, with 
the limited data available, to determine the exact nature of the 
relationship, however, and as only one of the sites (number 14) had 
undergone more intensive usage than those in Figure 38, in the 
computations that follow it is assumed that a linear relationship 
between cleanings and species numbers held among the sampled stands . 
The particular effects of the cleaning process on the trees 
of the group are demonstrated in Table 33 . Because trees were the more 
slowly maturing members of the group and were likely to have migrated 
less freely than others, it is not surprising that a marked decline in 
numbers of species and particularly numbers of individuals, took place 
after repeated cleanings. A similar phenomenon is reported by Havel 
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(1960) in New Guinea, where control and weeded plots were used to detect 
changes in the population under differing intensities of cleaning . 
While the main decline was in woody species, Havel recognizes that in 
larger plots a decline in herb species may also have accompanied 
repeated cleanings. Thus, while fire has been repeatedly cited as a 
determiner of the course of succession, it seems that the intensity of 
cleaning during prior disturbance may have a comparable effect . 
Tab le 33 
THE PROMINENCE OF SOFTWOOD TREE SPECIES ON 
SITES OF SIMILAR AGES THAT HAD UNDERGONE 
VARIED INTENSITIES OF DISTURBANCE 
Stand Cleanings Species 
18 1 9 
17 1 7 
2 2 16 
Young woody regrowth 2 8 
Corn field 2 8 
1 6 6 
15 18 4 
Abaca plantation 25 4 
s~ed 
frequency 
59 
29 
69 
39 
38 
17 
5 
6 
Because few regrowth species established themselves in stands 
after the start of revegetation, stand age must also have affected the 
number present in any stand provided some gradation in species longevity 
existed. In Figure 39 the numbers of regrowth species present in stands 
that had undergone similarly slight disturbances are plotted against 
the age of these stands . Whilst there is some hint of a decline in 
regrowth species numbers with age, the relationship is not close, and 
little can be said about its form. Species numbers were very low only 
in stand 12 and, were this stand omitted from the diagram, only a slow 
rate of species drop-out from the stand would be indicated . The primary 
forest stand (number 13) contained 17 regrowth type species, most of 
which were present in a tree fall site . This indicates that in primary 
forest considerable numbers of these species may have been kept in 
circulation, and that the low numbers in stand 12 may have been a 
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temporary feature associated with the closure of the canopy . As the 
data do not permit the exact nature of the relationship to be determined , 
in the computations that follow a linear function is assumed to hold 
over the 27 year period of revegetation represented in the sampled stands . 
To assess the combined effects of these two factors on the 
numbers of regrowth s pecies in the sampled stands, a multiple linear 
co rrelation was computed us i ng species numbers as the dependent variable 
and s t and age in years and number of cleanings prior to abandonment as 
the independents . An arbitrary figure of 40 clearings was assigned to 
stand 14, the former house site . A third independent variable, distance 
from forest in metres, was added as a measure of the isolation of the 
s i tes from the pool of regrowth species in cultivated areas ; the method 
used to measure this variable will be described in the following section . 
The four variables are listed in Table 34 . Single and multiple linear 
correlation coefficients between the dependent variable and all 
combinations of the independents were computed. The highest coefficient 
was given by the three independents in combination (r = 0 . 544) but 
this accounts for only 29 . 6 per cent of the variance in the numbers of 
regrowth species . An indication of the relative importance of the 
three independents is given by the partial correlation coefficients 
Table 35 
RELATIVE IMPORTANCE OF INDIVIDUAL FACTORS 
AFFECTING REGROWTH SPECIES NUMBERS 
Factor 
Stand age 
Number of cleanings 
Distance to forest 
Partial correlation coefficient 
0.366 
0 . 405 
0 . 215 
This indicates that the number of cleanings was the most important 
single factor affecting numbers of regrowth species. Stand age, 
however, was also of importance . Site isolation was of little 
importance , which supports the concept of regrowth species as a highly 
mobile population . 
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Table 34 
VARIABLES USED IN MULTIPLE CORRELATION 
ON NUMBERS OF REGROWTH SPECIES 
(Xl) (X2) (X3) (X4) 
No . of No . of Distance 
regrow t h spp . Stand age cleanings to forest 
44 1.0 yrs 6 711 m. 
40 2 . 5 2 660 
so 7.0 1 553 
41 19 . 0 7 478 
35 21. 0 9 360 
37 6.5 3 33 
42 7.0 24 757 
42 19 . 0 1 704 
33 19.0 1 460 
27 19.0 6 225 
42 27.0 1 510 
8 27 . 0 1 0 
21 23 . 0 40 595 
19 3 . 0 18 819 
26 7.0 12 844 
35 1.0 1 0 
53 1.0 1 54 
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The regression equation for the number of regrowth species on 
these three factors is : 
x1 = 39.86 - o.o4 x2 - 0 . 46 x3 + 0 . 01 x4 
where, 
xl number of regrowth species, 
x2 stand age in years, 
x3 number of cleanings, and 
x4 distance to forest in metres . 
The adjusted standard error of the estimate for this equation is 10 . 85 
species . This indicated that, were the equation used to estimate 
regrowth species numbers in other stands of the study area (the habitat 
factors of .which were within the range of those measured), two thirds 
would lie within 11 species of the actual number . As the variation in 
species numbers was slight, this equation cannot be regarded as an 
accurate predicting device . There are several possible reasons for 
this low correlation : other un - measured variables may have been 
affecting the numbers of regrowth species, the relationships may not 
have been truly linear and the original assumption that all species of 
this group established at or before abandonment may not have been true . 
Some new establishment may have taken place in the early stages of 
revegetation, maintaining species numbers at a higher level than that 
expected from the above method of estimation . 
THE FOREST GROUP OF SPECIES 
In contrast with the generally uniform numbers of regrowth 
species in most stands, forest species numbers varied considerably from 
stand to stand . The size of the population immediately after abandon-
ment appears to have depended upon whether the site was burned when 
cleared . Stands 17 and 18 were not burned but it is probable that all 
others were then originally cleared. While these two stands contained 
relatively large numbers of forest species (53 and 49 respectively), 
all other stands of similar age had almost none (Table 32) . The sub -
sequent size of the forest population in a secondary stand may depend 
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upon two factors . It has been shown (Chapter 5) that environmental 
factors which prohibited the establishment of forest species changed 
favourably with the emergence of softwood tree predominance soon after 
abandonment. If the forest population had previously been exterminated 
by burning , the numbers establishing would have depended wholly upon the 
number of propagules reaching the site . This, in turn, would have 
de pended upon the age of the stand (if a spa t ially constant propagule 
rain was occurring throughout the area), and the distance from the 
forest (if such a constant propagule rain was not occurring) . 
A measure of site distance from forest has been arrived at by 
using a corrected planimetric map prepared from an aerial photograph 
(Figure 4): A protractor was placed on the approximate centre of each 
stand with the cardinal point orientated northwards. Radiating lines 
were drawn every 30 degrees and extended to touch the nearest forest 
or logged - over forest boundary and along each of these twelve lines the 
distance from the edge of the stand to the forest boundary ~as measured 
in metres . Where stand edges abutted the forest a zero value for 
distance was scored. The mean of the twelve distances for each stand 
was then used as a crude measure of proximity to forest . The objections 
to such a procedure are many; the major one is that, while the forest 
may have represented the seed source for forest tree species, more 
rapidly maturing and fruiting forest he r bs in secondary stands may also 
have been seed sources . Moreover, as direction itself might be expected 
to affect the facility with which propagules from forest reach a site, 
the use of a mean distance without weighting for direction is suspect . 
Despite these objections , no better technique suggested itself . 
To assess the importance of these three factors (burning, age 
and distance from forest) on the numbers of forest species in a stand, 
a second multiple linear correlation was computed. Because the soft -
wood regrowth trees were responsible for creating a favourable micro -
environment for forest plants and because the numbers of these were 
affected by the numbers of times the site was cleaned (Table 33) , this 
variable was added to the analysis as a fourth independent. The five 
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variables used in the computation are listed in Table 36. 
The highest correlation coefficient resulted when the four 
independent variables were considered together and, at r = 0 . 905, the 
coefficient was far higher than that computed for the numbers of regrowth 
species, 81 . 9 per cent of the variance in forest species numbers being 
explained . Partial correlation coefficients were as follows : 
Table 37 
RELATIVE IMPORTANCE OF INDIVIDUAL FACTORS 
AFFECTING FOREST SPECIES NUMBERS 
Factor 
Stand age 
If burned 
Numbe r of cleanings 
Distance from forest 
Partial correlation coefficient 
0.525 
0 . 502 
0.475 
0 . 607 
Distance from forest was the single most important factor . This result 
contradicts, to some degree, the assumption made in the previous 
chapter that the rain of propagules was spatially constant throughout 
the area and it indicates the low mobility of the forest population 
relative to that of the regrowth population. Stand age was of almost 
comparable importance, however, indicating that the older the stand 
the more likely it was to contain forest species, provided that it was 
within the range of forest proximities measured . Burning was only 
slightly less important and though number of cleanings was of least 
importance, the coefficient was still high . The regression equation for 
the number of forest species on these four independent factors is 
1 
x
1 
= 51 . 68 + o . 07 x2 - 22 . 71 x3 - o.so x4 - 0 . 03 x5 
where, 
number of forest species in stand, 
age of the stand in years, 
1 
if site burned when cleared, 
number of times cleaned, and 
mean distance from forest in metres . 
Unity was scored if the site was burned and zero if not burned . 
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Table 36 
VARIABLES USED IN MULTIPLE CORRE LAT ION 
ON NUMBERS OF FOREST SPECIES 
(Xl) (X2) (X3) (X4) (X5) 
No . of No . of Distance 
forest spp . Stand age If burned cleanings to forest 
3 1 . 0 yr 1 6 711 m. 
3 2.5 1 2 660 
26 7.0 1 1 533 
12 19.0 1 7 478 
43 21. 0 1 9 360 
27 6.5 1 3 33 
2 7 . 0 1 24 757 
15 19 . 0 1 1 704 
17 19 . 0 1 1 460 
15 19.0 1 6 225 
35 27.0 1 1 510 
61 27 . 0 1 1 0 
1 23 . 0 1 40 495 
1 3.0 1 18 819 
0 7.0 1 12 844 
53 1.0 0 1 0 
49 1.0 0 1 54 
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The adjusted standard error of the estimate for this equation is 9 . 63 
species . Although this value is only slightly less than that calculated 
for regrowth species, the greater variation in numbers of forest species 
means that the relative accuracy of prediction is considerably greater . 
The proportion of forest species that were trees is given in 
Table 32 . Apart from the few stands with three or fewer forest species, 
the proportion of trees was consistently above 30 per cent and in two 
stands 74 per cent was recorded . This indicates that, even in young 
regrowth stands, the forest specie s population was not biassed toward 
the smaller types but contained a high proportion of future forest trees. 
THE STAND FLORAS 
The considerable variation in numbers of these two groups of 
species (viz. regrowth species and forest species) that can be 
explained by combinations of habitat factors, adds weight to the 
conclusions arrived at in Chapter 5, that the species of the study area 
were of two ecologically distinct types. The presence of these two 
groups, responding differently to habitat factors, explains, to a large 
degree, the differences in floristic richness of the sampled stands . 
The appropriate combination of conditions, as occurred in stands 17 
and 18, resulted in a full complement of species from both groups, and 
produced an exceedingly rich stand . Thus, while the generalization 
that secondary vegetation is floristically poor in comparison with 
primary forest holds in many cases, the opposite relationship may occur . 
All ecological evidence suggests that the successional change 
of these two species populations was reflected in a major floristic 
gradient in the secondary vegetation at any one time . While this cannot 
be tested in absolute terms (no sufficiently rapid computation method 
exists), the use of a gradient determined according to some standard 
mathematical model serves as a useful check on this assumption . Maximum 
gradients of floristic variation have been determined by two methods, 
both using species presence and absence data . In the first, the crude 
but rapidly computed ordination techniques developed by Bray and Curtis 
(1957) have been used . A matrix of similarity coefficients between all 
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stands was computed using the formula suggested by S~rensen (1948) 
2c I 
a + b 
where, 
I similarity coefficient, 
a= number of species in one stand, 
b number of species in other stand, and 
c = number of species corrnnon to both . 
These coefficients were converted to dissimilarity values by subtraction 
from unity, and from this transformed matrix the major axis was 
extracted geometrically, using the two most dissimilar stands as 
reference end points from which to f ix the position of intervening 
stands . A second, more complex and mathematicall y more correct, 
ordination was carried out using standard programs developed by 
Williams (1966) at the CSIRO Computing Research Centre in Canberra . 
A matr i x of similarit y values was again computed using Pearson's~ 
(correlation) coefficient, the formula for which is as follows 
ad - be 
r 
(a+b) (c+d) (b+d) 
where, 
Stand 1 
Spp . present Spp . absent 
~ . a b a+ b present 
Stand 2 
~ -
absent C d C + d 
a + C b + d a + b + C + 
It must be emphasised that the selection of this coefficient as a 
measure of similarity was not (and indeed never could be) objective . 
d 
It is one of several pair functions that fulfil the metric requirements 
of a Euclidean model (Williams and Dale 1965) and one for which a 
computer program was already written. From this matrix of similarity 
coefficients, axes were extracted by principal compone nt analysis such 
that the maximum amount of variance was contained in the first axis 
and each subsequent axis (which was at right angles to all others) 
extracted diminishing amounts of variance from the matrix . The first 
axis and four subsequent axes are listed in Table 38 : 
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Table 38 
FIRST 5 PRINCIPAL AXES EXTRACTED FROM 
STAND CORRELATION MATRIX 
I II III IV V 
Stands 
1 -0 . 405 - 0 . 237 0 . 025 - 0 . 080 
- 0.146 
2 -0.353 0 . 032 0 . 114 
- 0.377 - 0.003 
3 0 . 034 0 . 254 - 0 . 227 - 0.108 0 . 126 
4 -0. 244 0 . 028 - 0 . 198 - 0.017 0 . 274 
5 0 . 219 0.218 0 . 430 0 . 291 0 . 460 
6 0 . 224 0.155 0 . 084 - 0.327 0.382 
7 - 0 . 367 - 0.012 0 . 011 - 0.267 0 . 065 
8 - 0 . 128 0 . 007 - 0 . 376 - 0 . 042 0 . 116 
9 - 0 . 094 0 . 193 - 0 . 063 - 0.191 - 0 . 355 
10 - 0 . 077 -0 . 020 - 0 .185 0.486 - 0 . 131 
11 0 . 131 0 . 307 - 0 . 470 0 .315 0 . 025 
12 0 . 763 - 0 . 517 - 0 . 061 - 0.090 0 . 046 
13 0 . 710 - 0.476 - 0.126 - 0 . 083 - 0 . 131 
14 - 0 . 355 - 0 . 168 0 . 108 o. 063 - 0 . 048 
15 - 0.374 - 0 . 243 0.101 0 . 273 0 .108 
16 - 0 . 404 - 0 .308 0 . 312 0 . 136 - 0 . 110 
17 0 . 471 0.291 0.467 0.095 - 0 . 192 
18 0.249 0 . 495 0.052 - 0.079 - 0 . 396 
Total 
-variance 
extracted 2 . 429 1.332 1. 507 0 . 925 0 . 859 
In Figure 40 the numbers of species of the two groups (forest 
and regrowth) in each stand are plotted against the first axis of 
floristic variation from each method . In both , trends in the sizes of 
the two populations are opposed, particularly from low numbers of forest 
species to high numbers ; this is par ticularly clear in the second, 
complex, ordination . It can thus be concluded that this successive 
change of species populations is reflected, to a large degree, in the 
major floristic gradient as illustrated in these two models . The results 
listed in Table 38 indicate, however , that this major axis does not 
extract a large propo r tion of the total variance from the mat r ix . This 
is evidence of the complexity of floristic variation in the sampled 
stands and further indicates the absence of a one-direction floristic 
succession, or sere , in the study area . Variation represented by the 
second axis appears to have a crudely geographical centric tendency , 
dissimilar stands, such as forest and grassland , being placed close 
together . The distance from stand 18 (which is assigned the highest 
Figure 40 
Changes in the size of the two species populations along the 
principal axes of two ordinations . 
Figure 41 
The relationship between the distance from stand 18 and the 
stand positions on the second axis of the complex ordination. 
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positive score on the axis) to all other stands has been measured and 
plotted against the axis values (Figure 41) . As stand 18 occurred 
near the geographic centre of the area, the suggestion is that the 
positions of stands on this axis correspond to their degree of removal 
from the common species pool . No measure of correlation has been placed 
on the r elation of eithe r of these axes to habitat factors . It is 
felt that numerical ordination and classification systems are primarily 
exploratory and cannot be used to test hypotheses in the usual sense 
of the term. The remaining three axes of the second ordination represent 
variation which, with the data ava ilable, is incomprehensible. They 
apparently represent some of the variation caused by 'chance floristic 
en trants' · that cannot be accounted for . 
CHANGES IN VEGETATION MASS 
If a one - directional succession or sere were taking place in 
the study area , stand mass might be expected to have varied predictably 
with age even if in a complex and non - linear manner . Since this was 
not the case, the problem arises as to what other factors influenced 
this stand characteristic and with what accuracy it could be predicted. 
A first approximation to the problem is the examination of growth 
characteristics of the main structural components of the vegetation , 
softwood trees, tree ferns and hardwood trees, to determine whether 
each operated independently and, if so, the possibility of predicting 
total stand mass from the masses of its components. The growth curve 
of any life form group depends upon three factors 
(1) the degree of similarity in growth characteristics of 
the constituent species of the group which determines 
the uniformity of shape of the curve, 
(2) the time at which the group establishes , determining 
the position of the curve on the time axis, and 
(3) the success with which the group establishes on a site, 
determining the absolute size of the growth curve. 
The softwood tree and tree fern groups can be regarded as having 
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established at the time of site abandonment, so eliminating the second 
factor from consideration . The absolute mass of each of these two groups 
in all stands is plotted in Figures 42 and 43 against the age of the 
stands . It is evident, from inspection, that neither diagram exhibits 
a curve sufficiently clear to be designated as a growth curve, and even 
among those s t ands , the sites of which had not undergone prior cropping 
(plotted as dots ) and which can be assumed to have been well colonized, 
no marked trend can be seen . The presence of two types of softwood 
grow t h curve is suggested in Figure 43, where stands 5 and 11, which had 
longer lived trees, exhibit a persistence of this element for a longer 
time . The complete absence of a softwood tree element in stand 12 
suggests that this site was originally colonized by shorter lived 
species . There is no system in the arrangement of tree fern growth data . 
Nume r ous apparent inconsistencies exist, as, for example, between stands 
3 and 6 . It must therefore be concluded that neither of these two 
structural groups showed a sufficient consistency of growth to enable 
stand structural characteristics to be predicted from their sum . This 
variation may have resulted from differences in the factors listed above 
or from competition between , or even within, groups . A similarly 
negative conclusion must be drawn about the growth characteristics of 
the hardwood tree element . Only stands 11 and 12 possessed sufficient 
amounts of this element to permit comparison and the lat t er had more 
than twice the mass of the former . Presumably differing times and degree 
of successes of colonization account for most of the differences . 
The apparent inter - dependence or haphazard variation of these 
structural elements suggests that total stand mass may be more 
accurately accounted for by relating it directly to a number of 
habitat factors . In Figure 44 total stand mass per sq .m. is plotted 
against stand age . If only the slightly disturbed stands are considered 
(plotted as dots), a bifurcation of the trend of structural change can 
be seen, which represents differences in type of colonizing tree that 
have already been mentioned . While mass continued to increase in 
stand 11 , it had stabilized at approximately 12 kg . per sq .m. in the 
Figure 42 
The relationship between the absolute mass of tree ferns in a 
stand and the age of the stand . Stands on sites not previous~ 
cropped are plotted as dots . 
Figure 43 
The relationship between the absolute mass of softwood trees in 
a stand and the age of the stand . Stands on sites not previously 
cropped are plotted as dots . 
Figure 44 
The relationship between stand mass and stand age . Stands on 
sites only slightly disturbed are plotted as dots . 
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tree fern stands . This difference was apparently the result of chance 
floristic differences and cannot be accounted for, but it is possible 
to propose factors which could account for the lower masses in the more 
intensely disturbed stands (open circles). The number of cleanings of 
the site prior to abandonment has been shown to have affected the tree 
population and so may also have affected stand mass. Likewise, 
distance from forest may have had some effect through reducing the 
numbers of hardwood trees present in the stand . 
To assess the importance of these two factors, in combination 
with time, on the stand mass, a mult iple linear correlation was computed . 
The highest coefficient, given by the three independents in combination, 
is r = 0 . 814, explaining 66 . 3 per cent of the stand mass variance . 
Partial correlation coefficients are as follows : 
Table 39 
RELATIVE IMPORTANCE OF INDIVIDUAL FACTORS 
INFLUENCING THE MASS OF RE GROWTH STANDS 
Factor 
Stand age 
Number of cleanings 
Distance to forest 
Partial correlation coefficient 
0 . 754 
0 . 366 
0 . 236 
As would be expected, stand age was the single most important factor . 
Number of cleanings was of secondary importance and distance to forest 
a minor factor . The regression equation expressing this relationship is 
x
1 
= 610 . 70 + 8 . ss x2 - 26 . 95 x3 - o . 67 x4 
where, 
x1 stand mass in kg . per sq.m . , 
x2 stand age in years, 
x3 = number of cleanings, and 
x4 distance from forest 
in metres . 
The adjusted standard error of the estimate for this equation is 7 . 5 kg . 
As this value is relatively high in relation to the mass of many stands, 
the equation cannot be regarded as a powerful predicting device . 
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CONCLUSIONS 
In the study area, a variety of factors complicated the 
successional process leading to complex structural and floristic 
differences among the regrowth stands . Only some of these factors were 
measurable but their effects, when considered in combination, explained 
considerable propor tions of the observed structural and floristic 
variat i on between stands. Evidence from two mathematical models 
suggests that a succession of two distinct species populations represented 
the main floristic change in the study area. There remained, however, 
considerable and unexplainable variation. 
The floristic ingredients of the forest ecosystem in the study 
area could be present from an early stage of succession. If the site 
had not been burned, many forest species were present at the time of 
abandonment . If burned, the build- up of forest species numbers on a 
site depended heavily upon the distance of the site from the forest and 
the time since abandonment . The development of a primary forest 
structure was, however, a lengthy process . Stand 12, after 27 years, 
appeared superficially, to possess a typical forest structure but 
sampling revealed that it lacked the very large emergent trees that 
characterized primary forest . The time necessary for primary forest 
structure development depended, therefore, upon the growth rates of the 
large forest trees . Extensive work on this topic was carried out in 
the pre -war period in the Philippines by Brown and Mathews (1914) and 
Brown (1919), and has since been continued by foresters (Sulit et al. 
1962) there . In these stud ie s , annual diameter measurements of sample 
trees of various sizes are used to derive a mean growth: tree size 
relationship . This is then converted to growth rate curves . A serious 
error may be introduced by this conversion, however, because of the 
need to extrapolate the ages of saplings under 5 cm . in diameter . 
While absolute accuracy is thus precluded, the results serve to indicate 
the approximate magnitude of growth periods and the great differences 
in growth rates associated with differing species, climates and states 
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of suppression . Brown (1919) calculates that at 300 m. elevation at 
the base of Mt Makiling in Luzon, the fast-growing dipterocarp 
Parashorea plicata, when open-grown, requires approximately 54 years to 
reach a diameter of 34 cm. (907 sq.cm . basal area). The two softwood 
trees Mallotus riccinoides and Macaranga sp . require only 17 and 15 years 
respectively to reach a similar diameter. For Parashorea plicata to 
reach a diameter of 80 cm . (5,026 sq . cm . basal area), 110 years is 
required . The same species when suppressed requires 107 and 142 years 
to reach diameters of 34 and 80 cm . respectively. More rapid growth 
than this appeared to be taking place in the study area . In stand 12 
(27 years old), one individual of Parashorea cf. polysperma had a basal 
area of 1 ;250 sq. cm., and other trees with up to 2,300 sq . cm. basal 
area were recorded. Even if this more rapid growth rate is allowed for, 
however, it seems likely that the two large emergents sampled in stand 
13, each of 50,000 sq.cm . basal area, were some centurie s old . It must 
be concluded, therefore, that the re - establishment of a forest 
structurally similar to primary forest requires a time span of this 
order of magnitude. 
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CHAPTER 7 
SURFACE RUNOFF, EROSION AND OTHER PRACTICAL PROBLEMS 
Data on runoff and erosion were originally gathered to permit 
an assessment of soil deterioration during disturbance of the sampled 
sites and the effects of this upon their revegetation. Results presented 
in Chapter 5, however, indicate that soil fertility, at least as 
measured by the techniques us ed, was of little importance to the 
secondary vegetation. However, because of the practical importance of 
these results, the runoff and erosion data are presented here together 
with other aspects of the vegetation thought to be of practical signific-
ance. The results are of only limited value on a pantropical scale 
because they refer to an atypical mountain environment and because the 
area in which they were derived had not undergone intensive human 
usage. It is probable, however, that with the increase of lowland 
human populations in Southeast Asia such highland environments will 
come under more intensive usage and the results thus have greater 
relevance . 
RUNOFF AND EROSION 
TECHNIQUES 
Runoff and erosion measurements were made in enclosed plots 
located at selected sites . Because length of un - interrupted slope is 
a factor influencing erosion, a plot which is long and narrow, with the 
long axis crossing the contours, provides the most efficient sample . A 
plot width of 1 m. was selected and practical difficulties limited the 
length to 8 m. All plots were sited on similar slopes approximating 
25 per cent. The plots were edged with plywood veneer set approximately 
2 in . into the surface soil and projecting 6 in. above it . These strips 
of veneer were held upright by pairs of small pegs placed at intervals 
on either side; during installation care was taken to prevent soil 
disturbance inside the plots . A triangular flume made of galvanized 
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iron was placed at the lower end of each plot to collect slopewash : at 
its junction with the plot a sharp face was cut in the soil and a 
concrete wedge laid against this, its upper edge flush with the soil 
surface (Figure 45). The flume led to a collecting can sunk in a pit . 
The flume, can and pit were covered by a nipa palm leaf roof and a rain 
gauge was installed adjacent to each plot or group of plots. 
Provided sufficient rain had fallen, measurements were made 
every 10 days during visits to the permanently installed soil moisture 
blocks . When considerable runoff had occurred, water depths in the cans 
were measured with a graduated stick while for small quantities a 
graduated cylinder was used . On each occasion a 400cc . sample for 
sediment ·determination was extracted after thorough agitation of the 
water in the can. In cases where cans had overflowed, approximately 
25 per cent of the water was removed before agitating and sampling. The 
400 cc. samples were placed in aluminum evaporating dishes and the 
water evaporated in ovens placed over a kerosene pressure stove at a 
0 temperature of about 200 F . When all moisture had been driven off the 
dishes and sediments were weighed on a torsion balance . The collected 
sediments in each dish were scraped out periodically and kept for 
analysis . 
Several difficulties arose as a result of the crudity of the 
methods used. Firstly, each plot was a very small sample of the stand 
or field in which it was located and the results, therefore, have to 
be treated with caution. The veneer edges of the plots were not so 
durable as might have been hoped and not only did they decompose toward 
the end of the 10 month observation period, but they were occasionally 
damaged by people and animals . The nipa roofs tended to leak and so 
complicate the runoff (although not the erosion) records. Rats came 
to inhabit the area beneath the roofs and their droppings may have led 
to erroneous sediment loss records on some plots . In addition many 
small animals fell into the cans and were often decomposing when the 
plot was visited . A final difficulty was the occasional overflow of 
the collecting cans : this was unavoidable because the size of the cans 
Figure 45 
The design of the plots used to measure surface runoff and erosion. 
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had to be decided upon in advance but, in practice, the can of only one 
plot consistently overflowed. While this rendered the runoff figures 
calculated for some plots underestimates, it probably did not affect 
the sediment loss figures greatly as much of the sediment load would 
have been deposited in the cans . As many as possible of these errors 
have been elimina ted by discarding data thought to possess major 
inaccuracies ; the records from two plots were not used at all and the 
records for some periods from the remaining plots were discarded . This 
occasioned the discard of data for the same period on other plots which, 
while reducing the total sample period, was necessary to ensure 
comparability of results. It is therefore thought that the results 
presented .below, although of low absolute accuracy, allow certain 
comparisons legitimately to be made . 
PLOT LOCATIONS 
As the measurements were initially inteded to provide data on 
erosion under several kinds of disturbance, most plots were located in 
cultivated fields. Four of the plots, however, were sited in 
undisturbed forest (a), wood regrowth - stand 6 - (b), lmperata grass-
land - stand 15 - (c) and logged - over forest (f). Two others were 
installed in abaca plantations, one newly - established (d), and the 
other used for 10 years (e). A further plot (i) was established in a 
cornfield near stand 5 which had been cleared from regrowth similar to 
that of this stand in March 1963 and cropped with corn three or four 
times since . Another plot (j) was established in a rice field 
adjacent to stand 4 that had been cleared from regrowth and cropped 
continuously for twelve years . As no new gardens were being opened at 
a suitable time two plots, one planted to corn (g) and the other to rice 
(h), were established in a clearing in logged-over forest near the 
house-site. The treatment of these simulated that given to a native 
garden; small herbs were weeded and the woody forest debris piled and 
burnt in what was to be the centre of the two plots (Plates 25, 26) . 
Immediately after the burn the two plots were installed side by side 
(Plate 27) and dibble planted five days later when an adequate rain had 
Plate 25 
Simulating a new native garden. A small clearing has 
been made in logged- over forest . The woody debris has 
been slashed and piled in the centre of the site ready 
for burning , and weeds have been removed . 
Plate 26 
Simulating a new native garden. The debris has been 
burned and the installation of the erosion plots is 
about to begin. 
Plate 27 
Erosion plots g and h . Each plot is 8 m. long and 
1 m. wide . Collecting flumes and cans are covered by 
the nipa roof in the foreground. 
Plate 28 
Soil erosion produced by the intense rainfall of 
March 12, 1965. Much of the litter and friable surface 
soil of this 1'ield, recently planted to abaca, has 
been washed off. 
fallen . The treatments of and measurements on the ten plots are 
summarized in Figure 46: the locations of the plots is shown in 
Figure 4. 
SURFACE RUNOFF 
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The proportion of precipitation that is lost as surface runoff 
depends upon the rainfall type, the slope and cover of the ground and 
the soil type . As all plots were sited on similar slopes and as soil· 
type throughout the are a was relatively constant, both of these factors 
can be considered to have been constant. Interest was centered on the 
effects of differing vegetation covers and it was therefore necessary ID 
restrict the analysis to observations made at similar times in order 
to eliminate the effects of differing rainfall types. The ten plots 
may be separated on the basis of temporal constancy of vegetation cover . 
The forest, grassland and woody regrowth plots fell naturally 
within the constant - cover class . In addition, it was found that the two 
abaca plantations possessed runoff characteristics making them more 
similar to the constant - cover plots than to the plots on which food 
crops were grown . Besides the cover provided by the clones of abaca, 
which were planted some 3 m. apart, weeds provided a dense mat of 
herbs which covered any intervening bare ground and recovered rapidly 
after the two or three cleanings each plot received in a year . While 
on both abaca plots a slight runoff peak occurred immediately after 
cleaning, such accelerated runoff was not recorded for longer than one 
ten-day period of measurement . Comparable records for these five plots 
extended over 227 days. The average per cent (of total rain falling on 
the plot) runoff from each during this period was as follows 
(a) 
(b) 
(c) 
(d) 
(e) 
Table 40 
PER CENT RUNOFF FROM PLOTS WITH CONSTANT COVERS 
OVER A 227-DAY SAMPLE PERIOD 
Undisturbed forest 0.258 % Woody regrowth 0.264 % Imperata grassland 3.017 % (including one overflow) New abaca plantation 0.348 % 
10 year old abaca plantation 0. 635 % 
Figure 46 
The treatments of the ten runoff and erosion sample plots1 and 
the sampling periods . 
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As would be expected, the lowest runoff took place on the 
forest plot . This was almost identical, however, to the runoff from 
the woody regrowth plot, suggesting that this latter vegetation 
provided an almost equally protective cover. Despite the canopy gaps 
over this plot, the dense ground matt of Paspalum conjugatum effectively 
reduced surface runoff . It is probable, however, that, had the site 
previously undergone more intensive use, soil infiltration capacity may 
have been reduced and runoff have been considerably higher than that 
from the forest site . The high runoff in grassland indicates the 
disastrous hydrological effects that may accompany the replacement of 
woody vegetation with herbaceous. The reason for this high figure, 
despite a relatively dense grassland herbage, appeared to lie with a 
leaf arrangement which permitted ready raindrop penetration, and the low 
litter production which kept soil organic matter and infiltration 
capacity at a low level . Runoff in the abaca plantations was surprisingly 
low; on the freshly cleared site the figure was not very different 
from that in forest . This apparently resulted from a relatively high 
soil infiltration capacity and the dense herb cover which rapidly re -
established itself after each cleaning. The higher figure from the 
older plantation may be related to a deterioration in infiltration 
capacity as soil organic matter declined; there was little difference 
in the type and vigour of the weed growth on the two plots. 
Although the cove r of the plot in logged - over forest did not 
change drastically throughout the sample period, changes were sufficient 
to lead to a decreasing trend in runoff and erosion . Runoffs for the 
first 9 periods of measurement averaged 1 . 97 per cent while those for 
the latter 9 periods averaged 1 . 26 per cent. The plot was established 
some 6 months after logging : the tree canopy above it had been opened 
slightly but the soil was undisturbed and covered with a litter layer 
similar to that of primary forest . Throughout the period of observation 
a dense ground layer slowly developed composed of the small herb 
Impatiens sp. and coppice shoots from felled saplings . The average 
runoff throughout the whole 305 day sample period was 1 . 73 per cent, 
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with four overflows (Table 41) . Although the overflows may have reduced 
this percentage somewhat, it seems unlikely that it exceeded the 3 per 
cent recorded in grassland . This relatively low runoff, despite a 
light ground cover, was probably related to good soil structure and 
infiltration capacity . It must be emphasized, however, that runoff in 
the logged - over forest varied considerably from place to place and far 
gr ea t er runoffs may have occur r ed from small areas especially where the 
soil had been disturbed . 
The great changes in cover on plots planted to food crops 
required the separation of results obtained during cropping from those 
obtained during brief inter - cropping (fallow) periods. 
Table 41 
RUNOFF FROM PLOTS WITH VARIABLE COVERS 
(f) Logged - over forest (305 da ys) 
Cropping periods 
(g) New corn field (138 + 34 days) 
(h) New rice field (158 + 14 days) 
(i) 2 yr old corn field (108 + 17 days) 
U) 12 yr old rice field (125 days) 
Un - cropped periods 
(g) New corn field, post - cropping 
(60 days) 
(h) New rice field, post - cropping 
(60 days) 
(i) 2 yr old corn field, pre - cropping 
(50 days) 
(j) 12 yr old rice field, pre - cropping 
(50 days) 
(i) 2 yr old corn field, post - cropping 
(19 days) 
1.73 % (including four 
overflows) 
1 . 52 % 
1 . 08 % 
1. 78 % 
11.64 % (including four 
overflows) 
0.86 % 
0 . 42 % 
0 . 69 % 
6. 73 % 
4 . 08 % (plot clean -weeded 
after harvest) 
(j ) 12 yr old rice field, post - cropping 
(19 days) 14 . 15 % (including one 
overflow) 
The cropping period on the new corn field was 138 days and on 
the new rice field, 158 days . To make the two comparable, cropping 
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period runoffs from the two plots were calculated for an identical 172 
day period that included some post - cropping record from each (Table 41) . 
Both plots were weeded only once during the cropping period. Runoff 
on both plots during this cropping period was well below that measured 
in grassland (Table 41); this was probably related to good infiltration 
and a good cover of crops and weeds . Runoff percentages in the new 
corn plot, however , were well above those in the new rice plot (Table 
41 ), a phenomenon that must have been related to the different covers . 
Corn seed was sown in dibble hole s some 30 in. apart whilst rice was 
planted in holes only 12 in. apart. Moreover, corn plants tended to 
elongate without filling intervening space adequately while rice plants, 
though shorter, formed a dense mat. In addition, a heavier weed cover 
developed in the new rice plot : when the two plots were weeded after 
an identical period of 42 days from the time of planting, the new rice 
plot contained 3.1 kg . of weeds (fresh weight) and the new corn plot 
only 2.4 kg. The results from the 60 - day post cropping sample period 
showed a similar runoff differential (Table 41); apparently even 
after this two -month period, the effects of the different herb covers 
on the two plots had not equalized. The runoff during this period, 
however, was lower than it had been during cropping and approximated 
the values recorded in the abaca plantation. 
This difference between runoff from rice and corn fields may, 
however, disappear given different periods of site use, as the results 
from the two remaining plots illustrated. Over a 125 day sample 
period, covering most of the cropping period on each plot, the 12 year 
old rice field had a runoff percentage exceeding 11 . 64 while the 2 
year old corn field yi elded only a percentage of 1.78 over the same 
period. This difference seems to have been the result of poorer 
infiltration on the older plot although the mass of weeds on this 
was also less than on the younger (corn) field . When weeded after 67 
days, the rice plot yielded 1 . 95 kg. of weeds while the corn plot 
yielded 1 . 45 kg . after only 47 days . The runoff differential between 
the two plots was also present in the records of the pre - cropping 
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period (Table 41) : the post - cropping periods are not comparable, 
however, as the corn field was clean -weeded after harvesting the 
corn ears . Runoff percentages from the 2 year old corn field were 
generally comparable with those from the new fields (Table 41), but 
those on the older rice field were far higher . This illustrates the 
dramatic increase in runoff that can occur when land is cropped for 
longer than a few years using primitive techniques. 
EROSION 
For purposes of dealing with sediment loss by surface washoff, 
a distinction, similar to that made above, can be used to separate 
plots where cover was constant from those whose cover varied throughout 
the sample period . On a plot with constant cover, the curve of 
cumulative sediment loss with time may be expected to approach linearity 
provided observations cover a period sufficiently long to include 
most cyclical or random variations in rainfall. Curves of cumulative 
sediment loss on the five plots with constant covers are given in 
Figure 47 which also shows any gaps in the records, the period of 
intense rainfall when severe soil loss occurred on cropped fields and, 
in the case of the abaca plantation plots, the times of cleaning. Of 
the five curves, that of the woody regrowth is most nearly linear . 
Sediment loss on the forest and grassland plots showed a longer cycle 
of greater followed by lesser erosion . On t he sites planted to abaca, 
the curves tended to be linear, although cleaning produced temporarily 
accelerated sediment los s . On none of the plots had the intense 
rainfall of March 12 produced erosion comparable with that in the rice 
and corn fields . The average soil loss from these five plots over 
a 197 day sample period were as follows 
Table 42 
AVERAGE SEDIMENT LOSSES PER DAY ON PLOTS WITH CONSTANT 
COVERS OVER A 197 - DAY SAMPLE PERIOD 
(a ) Undisturbed forest 
(b) Woody regrowth 
(c ) lmperata grassland 
(d) New abaca plantation 
(e) 10 year old abaca plantation 
0 . 20 gm. 
0 . 29 gm . 
0 . 40 gm . 
0 . 47 gm . 
0 . 59 gm . 
Figure 47 
Cumulative sediment losses from erosion plots with relatively 
constant vegetation covers . 
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The figures are analagous to the runoff percentages with one exception : 
despite the high runoff from grassland, erosion there was not excessive 
although somewhat higher than it was in woody regrowth or forest . The 
sediment losses in abaca plantations were above those in natural veget -
ation but, as will be shown below, were well below those of rice and 
corn fields. 
On plots whose covers varied, sediment losses varied greatly, high 
losses having depended upon the chance combination of bare ground and 
intense rainfall. Consequent ly , an extremely long sample period, 
covering many cycles of cover change would have been necessary to 
obtain an accurate mean figure for sediment loss , and the results from 
the ten-month sample period must be treated cautiously . Cumulative 
sediment losses on these five plots throughout the sample period are 
plott ed in Figure 48, a semi - logarithmic scale being used only for 
convenience. 
Total sediment losses and sediment losses per day for the cropping 
periods on the rice and corn plots were as follows : 
Table 43 
TOTAL AND MEAN DAILY SEDIMENT LOSSES ON CORN AND 
RICE PLOTS DURING THE CROPPING PERIOD 
Total Mean/day 
(g) New corn field (138 days) 418 gm . 3.03 gm . 
(h) New rice field (158 days) 229 gm . 1.45 gm . 
(i) 2 yr old corn field (100 0 f 121 days) 1,205 gm. 12 . 05 gm. 
(j) 12 yr old rice field (175 days) 34,880 gm . 199.31 gm . 
Sediment losses for a 29-day post-harvesting period were as follows 
Table 44 
MEAN DAILY SEDIMENT LOSSES ON CORN AND RICE 
FIELDS DURING A 29 - DAY POST-HARVESTING PERIOD 
(g ) New corn field 
(h) New rice field 
(i) 2 yr old corn field 
(j) 12 yr old rice field 
0. 65 gm . /day 
0.37 gm./day 
9 . 81 gm ./day (not comparable as 
plot clean -weeded 
after harvest) 
6.22 gm./day 
Figure 48 
Cumulative sediment losses from erosion plots with varying 
vegetation covers . A logarithmic scale is used for convenience 
only. 
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On all plots mean sediment losses were far in excess of those 
occurring under natural vegetation or abaca plantations. Also common 
to all plots was the excessive loss during a single period of intense 
rainfall on March 12 (Plate 28): this rain occurred shortly after corn 
and rice planting when the ground was almost bare . While it may be 
argued that this was an unlikely chance occurrence, an identical 
event took place in March of the previous year during my first visit 
to the area (Plate 29) and it must be conceived possible that it 
happened at least once annually . 
There were ~onsiderable differences in sediment loss from 
these five plots which paralleled, in large part, the differences in 
runoffs. Sediment losses from the new corn plot, both during and 
after cropping, were almost double those from the adjacent new rice 
plot. The losses from both in the post-harvesting period, however, 
were comparable with those in the abaca plantation. The high runoff 
in the 12 year old rice field was paralleled by a phenomenal sediment 
loss, 88 per cent of which occurred on March 12 . Losses from the 2 
year old corn plot were considerably higher than those from the new 
fields: this suggests that even after only 3 - 4 croppings soil 
erosion may have accelerated . 
Sediment losses from logged-over forest were relatively high 
in comparison with the runoff percentages . This is attributable to 
the friable nature of the surface soil and litter which were easily 
moved even by slight runoff . The net result was erosion even greater 
than that taking place from new fields. 
COMPOSITION OF ERODED SEDIMENTS 
The small size of most erosion sediment samples limited 
the chemical analyses that could be undertaken to determinations 
of total nitrogen and loss on ignition . 
below: 
The results are given 
Plate 29 
Soil erosion produced by two days of intense rainfall 
in March 19640 Soil eroded from the recently planted 
rice field has been denosited behind the causeway of a 
logging trail , burying the young banana plant in the 
foreground . 
Plate 30 
Crop growth on erosion plots g and h . The best growth 
has taken place in the centres of the plots where the 
burn occurred. Moderate growth has taken place at the 
lower ends of the plots but growth has been poor at the 
upper endso (Compare with Plates 25- 27) . 
(a) 
(b) 
(c) 
(d) 
(e ) 
(f) 
(g) 
(h) 
(i) 
(j ) 
Table 45 
COMPOSITION OF SAMPLE SEDIMENTS 
FROM EROS ION PLOTS 
% Loss on 
Plots % Nitrogen ignition 
Undisturbed forest 1.12 49. 3 
Woody regrowth 1. 51 59.5 
Imperata grassland 1.10 54.5 
New abaca plantation 1.10 54 . 6 
10 yr old abaca plantation 1. 38 68.7 
Logged-over forest 1. 22 61. 7 
New corn field 1.10 63.2 
New rice field 1. 51 72.9 
2 yr old corn field 1. 21 59.1 
12 yr old rice field 0 . 54 26.7 
Sediment Carbon 
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Est . % 
Carbon 
28.6 
34 . 5 
31. 6 
31. 7 
39.8 
35 . 8 
36 . 7 
42 . 3 
34.3 
15.6 
Provided that the weight loss on ignition of a soil sample 
exceeds 50 per cent, it can be used as an estimate of the organic 
matter content of the sample, and carbon content then be estimated 
from this assuming it to make up 58 per cent of the organic matter 
(Metson 1961) . Estimates of sediment carbon by this method are included 
in Table 45. All figures, save those for the 12 yea r old rice field (j) 
are probably reasonably accurate. All carbon contents were considerably 
higher than thos e of surface soils in the area suggesting that surface 
litter was removed preferentially by erosion. The lowest value -
15 . 6 per cent - was recorded in sediments from the 12 year old rice 
field (j), reflecting both the lower litter production by crop and weeds 
on this plot and the low carbon content of the severely eroded soil . 
Using figures for sediment loss presented in Tables 42, 43 and 
44, and loss on ignition as a measure of the organic matter content of 
eroded sediments, the approximate annual losses of organic matter through 
erosion that occurred on the various plots can be calculated . (Table 46) 
It is clear that on sites covered by natural vegetation these losses 
only represented a very small proportion of the annual additions to the 
surface soil as litter (Table 22). In primary forest, for example, 
some 1,086 gm . of dry litter was added to each sq .m. of the surface soil 
each year while only 4 . 5 gm . was eroded. As the soil organic matter 
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content at such a site must have been constant, there must have been a 
high rate of organic matter decomposition to dispose of the large litter 
add i tions . On cropped sites, if it is assumed that annual litter 
additions by weeds and crops amounted to half of that added by a herb 
stand, then some 100 gm . of organic matter must have been added to each 
s q. m. each year . Table 46 indicates that, in all fields save the 12 
year old r i ce field, annual losses of organic matter through erosion 
were well below this figure . It must be concluded, therefore, that at 
all sites save those cropped continuously fo r long periods, declines 
in soil organic matter and carbon during a cropping cycle must be 
attributed to a continuing high decomposition rate and a drastic 
r eduction in additions by litter fall. 
(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 
(j) 
Table 46 
APPROXIMATE ORGANIC MATTER LOSSES PER SQ. M. 
PER YEAR THROUGH EROS ION 
Undisturbed forest 
Woody regrowth 
lmperata grassland 
New abaca plantation 
10 yr old abaca plantation 
Logged - over forest 
New corn field - cropping period - 33 . 07 gm. 
- post - cropping - 11.67 gm . 
New rice field 
- total for year 
cropping period 
- post-cropping 
- total for year 
20.88 gm . 
6 . 98 gm . 
89.07 gm. 
- 1172 . 69 gm . 
4 . 50 gm . 
6 . 52 gm . 
9 . 00 gm . 
10 . 57 gm . 
13 . 28 gm . 
83 . 61 gm . 
44 . 74 gm . 
27 . 86 gm . 
2 yr old corn field - cropping period -
l? yr old rice field - cropping period 
- post-cropping 
- total for year 
39 . 74 gm . 
1,212 . 43 gm . 
Because of the high proportions of litter in sediments, these 
cannot be used directly to indicate rates of soil loss . However, if 
the organic matter contents (percentage losses on ignition) are deducted 
from the sediment losses, the results are a crude measure of mineral 
matter loss . These can be expressed as surface soil loss if the 
mineral matter contained in a given volume of surface soil is determined 
by deducting its per cent organic matter content . 
Under primary forest, about 9.13 gm . of sediment were lost from 
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each sq .m. every year of which some 4.63 gm. were mineral matter. If 
it is assumed that the forest solum was in equilibrium, then an equal 
amount of mineral soil must have been produced by weathering at the 
base of the solum each year. With a change in plant cover, accelerated 
erosion resulted in a progressive thinning of the solum: under 
Imperata grassland, for example, a mineral soil bss of 8 . 30 gm . per sq . 
m. per year occurred . If the rate of weathering at the base of the 
solum is assumed to have continued unchanged, such erosion represented 
a net loss of 3 . 67 gm . of mineral soil pe r s q.m. per year. Forest 
surface soil in the ~tudy area had a bulk densit y (in the uppe r 5 cm.) 
of about 0 . 67 gm. per cc . ; and a carbon content of approximately 8.5 
per cent . Assuming carbon to make up 58 per cent of the organic 
matter, 14 . 65 per cent of the surface soil was organic. The mineral 
soil contained in a surface soil volume of 1 sq.m. by 1 cm. deep was, 
therefore, approximatel y 5,718 gm. Under this accelerated rate of 
erosion (under grassland) the removal of one centimetre of surface soil 
would have taken some 1,558 years. 
By similar computations the approximate rates of soil 
disappearance under various systems of shifting cultivation can be 
estimated . If, for e xample, a s ystem involving 2 years of rice cropping 
and 15 years of fallowing were to be initiated in the high forest in 
the study area, the following losses of mineral soil would be expected 
with each cycle 
Table 47 
ESTIMATED NET MINERAL SOIL LOSSES DURING A 
HYPOTHETICAL CYCLE OF SHIFTI G CULTIVATION 
Rice Crop (2 years) 
Total sediment loss per sq.m. during 
cropping period of 158 days 
Total sediment loss per sq .m. during 
post-cropping period of 207 days 
Total sediment loss per sq.m . per yr 
Total mineral soil loss per sq.m. per yr 
Total mineral soil loss per sq .m. over 
2 years 
28 . 63 gm. 
9 . 57 gm. 
38 . 20 gm . 
10.35 gm . 
20 . 70 gm. 
Ear ly r e grow t h (2 year s ) 
(Eros i on assumed to approximate that of 
Impe r ata grassland) 
Sedimen t loss per s q. m. pe r yr 
Mineral soil loss per sq .m. per yr 
Total mineral soil loss per sq.m. over 2 years 
Later woody r e growth (13 yrs ) 
Sediment l oss per s q .m. per yr 
Mine r a l soil l oss pe r s q. m. per yr 
Total mineral soil loss pe r sq.m . over 13 years 
Gross mine r al soil loss per s g .m. 
over 17 yr cycle 
Gross mineral soil loss per sq . m. that 
would have taken place under forest 
Net mine r al soil loss per s g. m. 
over 17 yr cyc l e 
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18 . 25 gm . 
8.30 gm. 
16.60 gm. 
13 . 23 gm . 
5 . 63 gm . 
73 . 19 gm . 
110 . 49 gm . 
69.45 gm . 
41 . 04 gm . 
At this r ate of accelerated soil erosion it would require 139 cycles 
or 2,363 years to remove 1 cm . of the surface soil . A similar 
computation using data for a corn crop indicates that 1 cm. of surface 
soil would have been lost in 79 cycles or 1,343 years . Both rates of 
loss are extremely slow in terms of human history; it would , fo r 
example, require almost a quarter of a million years to thin the solum 
by 1 m. using t he rice crop system . If primitive agriculture is 
assumed to have existed for 5,000 years, then only 21 cm . of solum 
would have been removed by this system during such a period , pr ovided 
that the clima t e and other physical factors had rema i ned more or less 
the same . 
It is pr obable that these figures unde r estimate the t rue 
net losses . It has been assumed that r ock decomposit i on at the base 
of the solum continues at a r ate similar to that occurring unde r a 
fores t cover but, as runoff is increased by clearing and percolation 
conse quently decreased , it is poss i ble that the rate of rock decompos it ion 
is somewhat slower result i ng i n a mo r e rapid disappearance of the 
solum . Because of this , i t seems unwise to suppose (e . g . Blaut 1960) 
t ha t pr imi t ive shif t i ng cultivators live in pe r fect harmony wit h the ir 
envi ronment: many may , in fact , be slowly exhaus t ing the soil 
199 
resources of their habitats . On the o t her hand, in areas where the 
forest solum is not in equilibrium but is thickening by accretion, 
shifting cultivators may well have the (botanically) beneficial effect 
of reducing solum thickness and keeping the weathering zone and nutrient 
source within the reach of plants . 
To conclude, it must be emphasized that all estimates made 
above are extremely crude. In addition to the data themselves being 
exiguous, no account has been taken of profile irregularities such as 
indurated horizons. The rates of soil los s assume identical mineralog -
ical composition of . the surface soil and eroded sediments as well as 
equal proportions of combined water . Also, the data is restricted to 
a short length of slope of a single declination . If the effects of 
these two factors - length of slope and steepness of slope - are not 
proportionately constant for all cover types, further errors will be 
contained. Finally, no allowance has been made for rare storms of 
exceptional intensity; even if such an event occurred only once in 
many decades it may produce erosion losses far in excess of any 
calculated . At best, the estimates provide rough approximations to 
the minimum rates of erosion in the environment of the study area . 
Sediment Nitrogen 
Nitrogen contents of the eroded sediments were all low by 
comparison with the appropriate figures for surface soils. The percent -
ages tended to vary with loss on ignition of the sediments, indicating 
that a considerable proportion of the nitrogen present was in the organic 
matter. Nitrogen losses by erosion under primary forest conditions, 
according to these results, approximated only 0.102 gm. per sq .m. per 
year . As the upper 5 cm. of the forest soil contained some 368 gm. of 
nitrogen per sq.m., this loss represents only an extremely small pro -
portion of the soil store . It is also a small proportion of the annual 
addition of nitrogen to the soil surface, as forest litter added 
some 10.54 gm. of nitrogen to each sq.m . each year (Table 50) . Total 
nitrogen loss by erosion under vegetation types was also of a 
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low order : woody regrowth lost some 0 . 132 gm. and Imperata grassland 
some 0 . 201 gm . per sq.m. per year . 
Although nitrogen losses by erosion under cropping were 
higher than those under natural vegetation, they were still small by 
comparison with the amounts stored in surface soil under forest. 
Estimates of these losses are as follows : 
Table 48 
APPROXIMATE NITROGEN LOSSES BY 
EROSION UNDER VARIOUS CROPS 
2 Total loss/m . /yr . 
(d) 
(e) 
(g ) 
(h) 
(i) 
(j) 
New abaca plantation 
10 yr old abaca plantation 
New corn field - cropping period - 0.575 gm . 
- fallow period - 0 . 203 gm . 
- total loss per year 
New rice field cropping period - 0 . 432 gm . 
- fallow period - 0.145 gm . 
- total loss per yr 
2 yr old corn field - cropping period - 2 . 205 gm . 
12 yr old rice field - cropping period - 23 . 550 gm. 
- fallow period 0 . 798 gm. 
- total loss per yr 
0.237 gm. 
0 . 371 gm . 
0 . 778 gm . 
0 . 577 gm . 
24.348 gm . 
Appreciable losses were only experienced in the 12 year old rice field . 
Even when these annual nitrogen losses are combined with those resulting 
from crop removal (Table 49) they cannot account for the declines in 
surface soil nitrogen r€corded . A decline from 1 . 1 to 0 .4 per cent in 
the upper 5 cm. of the soil represented a loss of some 235 gm . per sq.m . 
The decline to 0 . 73 per cent that had occurred in the logged - over 
forest within a year of disturbance represented a loss of approximately 
124 gm. per sq .m . . It must therefore be concluded that the vast 
proportion of the nitrogen loss from the surface soil that followed forest 
clearance was the result of bacterial denitrification, leaching of 
nitrate, or both . 
Rice harvest - chaff 
- grain 
- total 
Corn harvest - husks 
- cobs 
- grain 
- total 
Abaca - fibre+ waste 
Table 49 
NITROGEN LOSSES IN CROPS 
0.234 
0 . 548 
0 . 223 
0 . 080 
1.341 
(4 strippings/yr ) 
gm. 
gm. 
gm. 
gm . 
gm . 
2 Loss/m . /yr . 
0 . 782 gm . 
1. 644 gm . 
1. 086 gm . 
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In concluding, it must again be emphasized that these 
estimates are of low accuracy and for two reasons they may be under-
estimates : firstly, some nitrogen may have been lost when the sediments 
were dried and, secondly, the loss figures were only for slopes 8 
metres in length whereas greater losses may have occurred on longer 
slopes . Despite these errors, however, it seems unlikely that the 
general conclusion on t he insignificant role of erosion in soil nitrogen 
decline is erroneous. 
RUNOFF AND EROSION, CONCLUSIONS AND PRACTICAL IMPLICATIONS 
For purposes of watershed management and water conservation, 
a forest cover proved to be the most desirable although woody 
regrowth reduced runoff to a comparable level . Imperata grassland 
proved to be an ext r emely inefficient cover if water storage was 
desired and , indeed, most cropped fields were more efficient in this 
respect . Young a baca plantations provided good water storage but 
storage tended to be reduced wi t h age . Under light gardening (one 
to two years cropping) followed by a woody fallow, few flooding 
problems would have arisen . Runoff from cropped fields increased 
markedly with the time that they were used, however, and, as this long 
usage also tended to prohibit a woody fallow, the result of such 
intensive shifting cultivation could be disastrous . 
For purposes of soil conservation, a woody regrowth cover 
provided erosion protection almost comparable to that of forest . 
Despite its high runoff percentage, Imperata grassland did not lead 
to serious erosion . Abaca plantations, even after long periods of 
cropping, did not result in sediment losses comparable to those 
experienced under food cropping . Among the food crops, rice was 
preferable to corn as it reduced erosion to almost half of that taking 
place under this latter crop: this suggests that the introduction of 
corn into the Philippines by the Spanish may have seriously upset 
stable (or relatively stable ) systems of shifting cultivation within 
a short time . The relatively low erosion rate that took place on new 
fields illustrates the desirability of cropping only lightly and 
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maintaining a woody fallow . 
A large proportion of the washed off sediment was organic 
matter. These losses from cropped fields were insufficient to account 
for the observed declines in soil organic matter during cropping, 
however, and these can only be attributed to a continuing high rate 
of decomposition with a drastic decline in litter addition . If 
shifting cultivation were light, net mineral soil losses by erosion 
would be low, and several thousands of years of usage would be needed 
to produce visible signs of soil degradation. This conclusion is, 
however, based on e~idence from an area that had undergone only light 
human usage and it is possible that erosion may have accelerated after 
many cultivation cycles . This would seem to be an unlikely event, 
however, provided woody vegetation continued to re-establish itself 
in every fallow and produce rapid increases in soil organic matter . 
Even with experimental errors allowed for, nitrogen declined in the 
surface soils after forest clearance cannot be attributed to losses 
in crops or erosion. The rapid declines that did occur can, therefore, 
be attributed only to volatilization or leaching. 
SHIFTING CULTIVATION 
The term shifting cultivation as used here refers to any 
agricultural system in which natural vegetation fallows of relatively 
long duration are an essential ingredient . As these systems involve 
extensive land utilization it has become common, in many tropical 
countries, to condemn them as inefficient and in need of replacement . 
Nevertheless, the recommendations for improving such systems that 
follow are prompted by my belief that in many tropical areas no work-
able alternative at present exists. This is particularly true in up -
land areas where populations, which cannot now be moved, exist, where 
subsistence food crops are required and where permanent agriculture 
would have even more disastrous effects than the present systems of 
shifting cultivation are having now . 
The natural vegetation fallow in shifting cultivation has two 
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main roles namely the elimination of weeds and the restoration of soil 
fertility . In the study area, where human usage had been light, 
proliferation of weeds was invaribly cited as the only reason for 
abandoning a garden . On all land with a slope sufficiently gentle to 
enable a buffalo-drawn plough to be used for weed control, permanent 
agriculture was, at the time of field work, being practised. The 
fallows were undoubtedly beneficial to soil ~ertility, however, although 
this was not then appreciated by the local farmers. 
ELIMINATION OF WEEDS 
Imperata cylindrica was the most serious local pest and the 
infestation of gardens by this weed was invariably cited as the reason 
for abandonment. The discussion of weed control that follows is, 
therefore, restricted to this species. In the study area Imperata 
cylindrica could, it seemed, be eliminated by the bracken fern 
Pteridium a quilinium or any plant sufficiently large to overtop it 
and capable of establishing in sufficient numbers to form a closed 
canopy. While bracken was capable of eliminating this pest it did 
little to restore soil fertility. In addition, its own properties as 
a noxious weed are not fully known and it may well be that, in 
abundance, it too would become a pest. However, young woody plants 
could compete with it more successfully than with Imperata cylindrica; 
in stand 2, softwood trees had established in moderate numbers with 
bracken and at the time of sampling were overtopping and eliminating 
it (Plate 21). It is not known, however, whether they could germinate 
and grow beneath an established stand of Pteridium aquilinum. The 
only large regrowth herb capable of establishing in pure Imperata 
cylindrica grassland appears to have been the large zingiberaceous 
herb Hornstedtia sp . While effectively eliminating the grass Hornstedtia 
sp. itself formed pure and stable stands which were of small plant mass 
and thus less effective restorers of fertility than was woody regrowth. 
Where lmperata cylindrica had not become established as a 
pure stand and where softwood tree seedlings were present, elimination 
was rapid once the trees had matured to form a closed canopy . The 
trees were able to produce a stand of high plant mass and nutrient 
turnover making them more efficient restorers of fertil ity than 
Pteridium aquilinum or Imperata cylindrica. However, success was 
achieved only when abundant tree seedlings established and as this 
only occurred where disturbance had been light, the advantages of a 
short - cropping system are obvious . 
SOIL FERTILITY RESTORATION 
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The term soil fertility as used here refers to all soil 
conditions beneficial to efficient agricult ure . It thus includes 
soil physical condi~ions as well as the plant nutrients stored either 
in the fallow vegetation or in the soil. 
Soil Physical Conditions 
It is probable that complex and un -measured soil physical 
changes, such as those described by D'hoore and Fripiat (1948) at 
Yangambi, were taking place in the study area. Results presented in 
this and previous chapters suggest, however, that important structural 
properties of the soil also changed with the varying content of 
organic matter . The increase in runoff and erosion over prolonged 
cropping periods was almost certainly related to the decline of 
organic matter. Conversely , the increase in cation exchange capacity 
of the surface soil during revegetation has been shown to be closely 
related to a rise in soil carbon content (Chapter 5) . While the cation 
exchange capacity of the surface soil may seem unimportant to 
agriculture, as base saturations were universally low, it may have 
been of considerable importance at the time of fallow clearing, 
ensuring a large adsorptive complex for the abundant nutrient ions 
released by the burn. The increase in soil carbon under secondary 
vegetation has been related, in Chapter 5, to the rise of woody regrowth 
species with their abundant litter fall. While it is clear that the 
build-up of soil carbon took place with some speed, it is not possible 
to predict this with any accuracy from the data available. It is 
clear, however, that the proposition of Nye and Greenland (1960), 
based on the assumption that rates of organic matter decomposition are 
directly proportional to the amount present, that the level of soil 
carbon occurring under primary forest is the highest attainable and 
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that the resulting logarithmic increase in amount of soil carbon never 
attains that of primary forest, did not apply locally . The surface 
soils of several regrowth stands had carbon contents equal to or greater 
than those found under forest indicating a less simple relationship 
than that suggested by these authors . Some indication of the time 
that was required for soil carbon cont ents to come to equal those of 
primary forest was given by stand 5. This s ite, which underwent two 
years of food cropping twenty - one years before sampling, had, at that 
time, a surface soil carbon content of 9.7 per cent . Forest soil, 
by comparison, contained approximately 8 . 5 per cent . Provided a woody 
fallow established, therefore, it appears that soil carbon contents 
could be returned to forest levels with reasonable rapidit y . While 
this rapid increase in soil carbon produced some rise in CEC levels, 
these attained a stable condition, at about 45 m. e . q . per 100 gm., 
within a brief period: a further increase in CEC levels awaited the 
slow rise to dominance of hardwood forest trees. Unless a fallow 
period of great length could be permitted, therefore, it seems that 
prolongation of the fallow once carbon contents had risen to forest 
levels and CEC risen to moderate levels, was, in terms of soil physical 
condition, inefficient . 
Soil Nutrients 
It has been shown that soil nutrient status (with the 
exception of nitrogen) showed no consistent increase with revegetation 
throughout the study area as a whole, yet it is possible that, at 
individual sites, increases may have occurred. Although the species 
composing the secondary vegetation were apparently insensitive to soil 
nutrient levels in the range encountered, it was probable that 
cultivated plants did respond to these. This was illustrated by the 
clearance and gardening of stand 9 . At this site, all available cations 
wee in short supply and, although this had no apparent effect on the 
revegetation of the site, crops grown there had not thriven . 
' I 
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The soil nutrient increase at any site during revegetation 
will depend upon the amounts of nutrient added to the surface soil and 
the proportions of these that are removed again by the vegetation and 
kept in circulation. Data on the total nutrient additions to the 
surface soil in dead above-ground plant matter are given in Table 50 . 
For secondary vegetation, the litter fall is taken as the total dead 
matter fall . At forest sites, however, timber fall must be allowed for. 
This has been approximated using the nutrient proportions of litter and 
timber fall calculated by Nye and Greenland (1960) for high forest in 
Ghana. For stand 12? a similar allowance has been made, assuming a 
lower timber fall but similar nutrient content. If the nutrient 
additions by roots are assumed to have been a constant proportion of 
these figures and if nutrient returns to the soil by rainwash are 
assumed to have been constant, then these figures provide a crude 
estimate of rates of nutrient cycling in the soil-vegetation system . 
In all woody vegetation the turnover rates were high and of the same 
order of magnitude as those quoted by Nye and Greenland (1960) for 
other tropical areas. It is of interest that the highest rates of 
cycling took place under woody regrowth and not under forest. This 
suggests that if, on a given site, the rate of litter mineralization 
and nutrient cycling through the surface soil was constant for all 
vegetation types, and if the soil volume through which cycling was 
taking place was also constant, then the soil under woody regrowth may 
have been temporarily enriched. This could only occur, of course, 
where some net gain to the system from atmosphere or subsoil was taking 
place. However, any gain might have been dissipated by higher leaching 
rates, as the somewhat higher soil pH's under regrowth may have 
encouraged nitrification. Despite the limited data available the 
evidence does suggest that there may have been a stage of fallow under 
which soils were temporarily enriched and which would have been the 
most appropriate time for clearing and gardening. 
Nitrogen gains by the surface soil during fallowing are 
particularly important in shifting cultivation because the element stored 
I 
Stand 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 (-1<) 
13 ('l'<) 
17 
18 
Table 50 
NUTRIENT ADDITIONS TO THE SOIL SURFACE IN DEAD 
2 ABOVE-GROUND PLANT MATERIAL (gm./m. /yr) 
N. P. Ca. !:!g . K. 
2.830 0.238 1. 913 0 . 623 0.387 
8 . 881 0 . 630 7. 950 1.547 3.724 
13. 944 1.004 9.621 2.308 2.859 
13 . 660 1.085 21.145 2.545 4 . 772 
17.286 0.902 13. 779 2.342 3.132 
22.788 2.023 16. 771 2.151 3.329 
16.681 1 . 080 9.383 1.981 3 . 033 
12 . 176 0 . 685 9 . 682 1.682 1 . 598 
13.888 0.522 8.444 1. 922 3.222 
15.684 0 . 705 8.875 2.517 3.526 
17 . 052 1.077 12 . 764 3.241 3.291 
9.876 0.505 6 . 064 1.534 1. 962 
10.540 0.672 8.491 1. 076 1. 766 
10 . 904 0 . 549 7 . 445 1.707 1 . 429 
11. 808 0. 738 9 . 004 2 . 071 3 . 198 
('l'<) Forest stands where allowance for timber 
fall (except in Na) has been made . 
I 
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Na. 
0 . 138 
0.372 
0. 390 
0.477 
0 . 539 
0 . 935 
0 . 578 
0 .3 04 
0.322 
0 .3 53 
0 . 529 
0.324+ 
0 . 111+ 
0.150 
0.162 
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in the standing vegetation is lost when the latter is burnt. It has 
alr eady been shown that an increase in soil nitrogen only took place 
when hardwood forest trees re-established themselves on a site . The 
soil nitrogen increases predicted by Nye and Greenland (1960) do not 
appear to have been taking place locally. These authors assume a 
constant C/N ratio to hold throughout cropping and revegetation, with 
the logarithmic increase in soil carbon being paralleled by a similar 
increase in soil nitrogen. Not onl y was the carbon increase non -
logarithmic, but C/N ratios showed extreme variation (Table 16). 
Unless very long fal~ow periods were permitted, therefore, little 
increase in soil nitrogen would have been expected . It seems probable, 
therefore, that over long periods of shifting cultivation in such an 
area, soil nitrogen may become limiting to crop production. It may 
only be possible to alleviate such a situation by the deliberate 
planting of nitrogen-fixing species in the fallow. 
Nutrients stored in the fallow 
The storage of nutrients that takes place in a developing 
fallow of natural vegetation is of prime importance to the shifting 
cultivator as these, with the exception of nitrogen and sulfur, are 
released on clearance and burning, and made available to the subsequent 
crop. The importance of this effect was illustrated by the crop 
growth achieved on the two freshly cleared runoff plots (g and h) 
(Plate 30). On these, the best crop growth took place on the central 
portion of the plots where the burn had been . In addition, crop 
growth down-slope was much better than that taking place up-slope of 
the burn, indicating some down-washing of nutrients by surface runoff. 
Agriculturally, therefore, there is a need for fallows to be 
fast growing to ensure a rapid increase in nutrient storage in as 
short a period as possible . A herbaceous fallow is undesirable because 
total potential storage is low and, in the case of grassland, frequent 
fires may continually dissipate what is stored. A well established 
woody fallow is thus of prime importance to shifting cultivation . 
Unfortunately no data have been collected on nutrient storages in the 
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vegetation of the study area . Bartholomew et al . (1953) have measured 
nutrient storages in fallows of up to 18 years age at Yangambi in the 
Congo . They report a relatively rapid increase in stored nutrients 
in the first five years of fallowing followed by a slower increase 
thereafter; this they relate to a rapid nutrient build- up in the 
expanding foliage followed by a slower increase in wood storage. Their 
resul t s , mo r eover, indicate a relat i vely constant nutrient composition 
of all wood throughout the 18 year period . If it is assumed, therefore , 
that all woody material in the study area wa s of approximately constant 
composition, stand p~ant mass data can be taken as a crude indication 
of the amounts of nutrients stored in a stand . The more rapid growth 
of softwood trees compared with that of forest trees, even when these 
were open - grown , made them more desirable as short - fallow species . If 
the fallow was to exceed 10 years, softwood trees should have been of 
the long - lived and large - growing type . A stand of short - lived 
Omalanthus spp . , for example, would disintegrate after this time or 
give way to tree ferns the total mass of which would not increase . 
Of the two common large softwood trees in the area, Mallotus paniculatus 
and Trema orientalis, the latter was preferable because of its possible 
phosphorus enriching properties . 
SHIFTING CULTIVATION , CONCLUSIONS 
The beneficial effects of a na tural vegetation fallow include 
weed elimination and soil fertility restoration. The serious weed 
pest, Imperata cylindrica, could be eliminated by bracken, Hornstedtia 
sp . or, if not well established, by woody regrowth . The third method 
of elimination was preferable as it also restored soil fertility. 
Woody regrowth vegetation, with its high litter production, led to a 
rapid increase in soil carbon and hence soil aeration and infiltration 
capacity. Some rise in CEC levels also followed but these did not 
reach the levels maintained under forest . The rapid nutrient turnover 
of such woody regrowth may have led to a transient period of high soil 
fertility during revegetation . Despite the relatively high nitrogen 
content of litter falls , levels of this nutrient in the surface soil 
\ 
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failed to ris e during revegetation. A rapid storage of nutrients in 
the vegetation could be achieved by fast-growing softwood trees. Unless 
the fallow was short, the most desirable species would seem to have 
been Trema orientalis . 
It is clear that ideal soil conditions, including high CEC 
values and nitrogen contents could only be attained by extremely long 
fallow periods that permitted the r e - establishment of high forest . 
Even if such long fallow periods were practicable, however, the importance 
of seed sources to forest re-establishment means that isolated sites 
would have been refo~ested only very slowly . As such lengthy periods 
were impracticable, a system of shifting cultivation which included 
the following elements would seem the most rational in environments 
similar to that of the study area 
(1) brief cropping periods, preferably not exceeding two 
grain crops, to ensure minimal erosion, minimal Imperata 
cylindrica infestation and abundant softwood tree 
establishment; 
(2) rice as a subsistence crop in preference to corn in 
order to reduce soil erosion ; 
(3) rectangular gardens elongate along the contours to 
reduce effective slope length and thus erosion; 
(4) a planted fallow of Trema orientalis and one or more 
species capable of nitrogen fixation (e . g . Leucaena 
glauca); 
(5) fallow clearance when the softwoods reach their maximum 
size and hence nutrient storage. (If the fallow is 
composed of large trees this stage would be reached at 
approximately 25 -30 years of age : if smaller and shorter 
lived species formed the fallow, there would seem to be 
1 few advantages to prolonging the fallow beyond 10 years); 
1 · · t As a high proportion of the secondary tree species on a site seem o 
arise from dormant seed in the soil, the length of fallow should also be 
sufficient to allow an adequate store of such seed to accumulate . 
Although no data were collected to enable a prediction of how long this 
would take, it seems probable that most of the soil seed store would be 
produced in one generation by the establishing softwoods . 
' 
! 
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(6 ) a wide spreading of the cut vegetation before burning 
(providing that the crop is grain) to ensure maximum 
dispersal of the ash, and the dispersal of unburned woody 
material over the garden to ensure dispersal of 
nutrients as this decomposed . 
Finally , it must again be stressed that these recommendations are based 
on observat i ons of sites undergoing only their first or second cycles 
of revegetation : the effects of prolonged human disturbance on the 
soil are unknown . As mentioned in the forego ing section, it seems 
inevitable that any sys.tern of shifting cultivation will lead to a slow 
degradation of soil resources . However, the adoption of a system such 
as that suggested would slow the present rate of this process consider -
ably , and may well alleviate the situation until demographic solutions 
are found to the problem of shifting cultivation in mountainous areas . 
REFORESTATION 
The extensive areas of stabilized grassland (mainly Imperata 
dominated) that occur throughout the Philippines have become a serious 
problem as the population increases in size . Contrary to popular 
belief, excessive soil erosion is not a feature of these areas, but 
flooding and low productivity are. Reforestation was started in 1910 
but has so far covered only a small fraction of the total grassland 
area . In 1957, Buenaventura (1958) estimated that only 23,060 of the 
total 5 million hectares of grassland in the country had been reforested . 
My own observations lead me to believe that this re f orested area is fa r 
less than the total area of new grassland produced in this period. 
Reforestation techniques have so far involved manual seed planting or 
seedling transplanting in the grasslands, methods too slow to yield 
satisfactory results . There is, therefore, a need for techniques 
involving broadcast seeding possibly with the use of aircraft . 
Direct seeding of either regrowth or forest tree species is 
unlikely to be successful . Light and air temperatures are too low 
benealh the dense mat of Imperata for softwood trees to establish 
successfully . Conversely, low soil carbon and high pH's will probably 
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prevent hardwooded forest tree establishment . Burning of the grassland 
before seeding would not enhance forest tree establishment but would, 
I think, permit satisfactory softwooded tree germination . Besides 
removing the restrictive grassland canopy, the burn would temporarily 
eliminate competition from Imperata and small animals that may destroy 
the seed . Once established in quantity, the juvenile softwooded trees 
should be capable of r apid growth and suppression of the Imperata . In 
addition, a rapid change of micro-environmental conditions should ensue, 
with radiation, air temperatures and soil pH fall ing and soil carbon 
and CEC rising . It would seem that within 5 or 6 years after the initial 
seeding, site conditions should be suitable for a second seeding with 
hardwood forest tree species. If short - lived regrowth trees such as 
Omalanthus spp . were used as the nurse crop, death after 10 years should 
release the established hardwood tree seedlings from suppression . 
These suggestions are only tentative and further experimentation 
would be needed to verify their practicalit y . Specifically, it is not 
known whether the seedlings of the nurse crop could grow sufficiently 
rapidly to suppress the resprouting Imperata. In addition, the fire 
resistance of the young nurse crop is unknown . Although the techniques 
are untested, however, they do suggest a possibly economic way of 
rapidly reforesting large areas of upland grassland such as the 
Bukidnon highlands of Mindanao . The present state of deforestation 
in the Philippines is not one in which conservative methods of 
reforestation should be exclusively relied upon . 
CHAPI'ER 8 
CONCLUSIONS 
METHODOLOGY IN RETROSPECT 
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The complexity of the functional relationships which were 
demonstrated in the secondar y vegetation of an ar ea so restricted as 
that of Gumate , amply justifies the intens ive level at which the 
study was carried out . Indeed, these relat ionsh ips were so complex, 
and the tendency toward individualistic stand characteristics so 
strong, that many more sites than the 18 actually sampled would have 
been desirable to ensure firm conclusions about general trends in the 
secondary vegetation of the area . The verbal reports on site histories 
which had to be used were not as full or as accurate as might have been 
hoped for . For example, the significance of burning in the extermination 
of the forest species population at a site could have been more 
accurately assessed if it were certain that all sites save 13, 17 and 
18 had originally been burned . This difficulty in accurately dating 
stands of secondary tropical vegetation, and determining the histories 
of disturbance of the sites on which they grow, is a basic problem in 
research of this kind . The difficulty of accurately determining these 
facts in areas where primitive shifting cultivators are responsible 
for the disturbance suggests that more satisfactory results may be 
obtained if future research on tropical secondary vegetation concentrates 
on abandoned plantations, written management records of which should 
be available. 
ENVIRONMENTAL MEASUREMENTS 
Although an attempt was made to reduce the explanation of 
vegetation characteristics to direct plant - environment interactions, 
this proved an impracticable task in the present state of knowledge . 
While it is reasonably certain that the significant relationships 
recorded between some plants and radiation or air temperatures involved 
direct cause and effect, none of the soil factors that were significantly 
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correlated with vegetation characteristics were likely to have been 
exercising a direct effect upon the plants involved . However,the high 
correlations recorded do suggest that rather positive indirect effects 
were involved and that the relationships were probably not spurious. 
In addition, because of the loose correlation between several of the 
'significant' environmental factors (e . g. radiation and air temperatures), 
it is possible that only some of these factors were having a direct 
ecological effect and that in terms of others, an effect was more 
apparent than real . It is, of course, imposs ib le, with the data 
available, to separate the correlated factors into significant and 
insignificant . Consequently, it must be emphasized that no 'final 
solution' has been arrived at : such a positive conclusion could only 
be based upon far more intensive research . All that has been done 
is to extract significant correlations from a mass of data and thereby 
arrive at conclusions that are at best, only first approximations to 
reality . 
As was to be expected, many of the environmental variables 
measured were not significantly correlated with any vegetation character -
istic . The lack of significant effects of soil moisture can be 
attributed to the abundant and evenly-distributed rainfall which kept 
soil moisture tensions at low levels at all sites throughout the 
year . Had the rainfall regime been known before field work was started, 
its measurement could have been less detailed. As it happened, the 
area when selected, was going through what, in retrospect, must be 
regarded as an exceptional dry spell, and although local informants 
at that time attested to the generally high rainfall of the area, it 
was thought that such a dry spell, even if occurring only once 
annually, may have been significant in eliminating less drought -
resistant species from certain sites . However, in view of the annual 
variability of rainfall of the region (page 2i ), it must be conceived 
possible that the un-explained features of some stands owed their 
origin to some unknown period of drought during their development (e.g . 
the absence of tree fern sporelings from stabilized grasslands) . 
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The lack of apparent differences in the spectral composition 
of shade radiation of different stands is probably more closely related 
to inadequate techniques of measurement than to a real absence of such 
differences . It does indicate that future attempts to measure this 
variable must make use of far more sophisticated techniques. 
The apparent ineffectiveness of soil nutrient status upon the 
secondary vege t ation can be attributed to one or more of three factors . 
Firstly, the soil parent material, a basic volcanic rock, probably 
contained a relatively high proportion of n utrient elements, and the 
shallowness of the solum meant that the weathering zone was within 
reach of the roots of most plants. Many of the mature larger plants, 
therefore, were possibly drawing upon reserves from this zone and were 
insensitive to nutrient differences in the surface soil . Secondly, it 
is possible that most plants encountered in the study area were adapted 
to soils of low fertility and so were insensitive to variations in 
soil fertility encountered there, all of which were possibly above a 
limiting value . Thirdly, the inadequacy of the techniques of chemical 
analysis used doubtless also served to obscure the issue. The 
luxuriant growth of natural vegetation on site 9, where only traces of 
exchangeable cations were recorded, contrasted with the poor crop 
growth on the same site, illustrates the inadequacy of the techniques 
used . It is possible that most techniques of soil chemical analysis 
which, understandably, are keyed primarily to crop plants, are only of 
limited use in investigations of natural vegetation. 
Perhaps the most notable negative result was the insignificance 
of soil erosion to the subsequent revegetation of a site . The lack 
of differential responses by plant species to differing nutrient levels 
in the surface soil meant that any nutrient losses by erosion during the 
gardening of a site did not affect the course of its revegetation. 
While some plants were apparently sensitive to soil carbon levels 
(and the correlated CEC and pH levels), results given in Chapter 7 
indicate that losses of this element during the cultivation of a site 
were primarily a result of continuing high rates of organic matter 
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decomposition and not of erosion . Onl y on long-cropped fields did 
e rosion become an effective dissipator of soil organic matter and 
carbon . The only conceivably important effect of erosion during 
gardening of a site on its subsequent revegetation was the removal of 
viable seed from the soil. It is possible that some of the apparent 
reductions in numbers of species on a site resulting from repeated 
weedings may be attributable to the removal of viable seed by erosion . 
However, as the two factors were loosely correlated, it is impossible, 
without detailed experimentation, to assess the two effects separately. 
In retrospect, it seems that the time devoted to erosion measurements 
could have been more profitably spent measuring changes in soil 
organic matter, CEC and pH during the clearing and gardening of sites . 
Although many of the environmental phenomena measured proved 
to have no significant effect upon the secondary vegetaticn and the 
effort expended on their measurement was thus largely wasted , it is 
hoped that these negative results will discourage future dogmatic and 
unsupported statements on the importance of certain factors to the 
process of secondary successions in rain forest . 
AlITECOLOGICAL METHODOLOGY 
The results of the multiple correlations reported in Chapter 6 
indicate that site location (relative to seed source) was important 
in determining the population of forest species on a given site, and 
that the rain of propagules throughout the study area, therefore, was 
not constant. This finding invalidates, in some degree, the methods 
used to detect significant tolerance differences of species. However, 
the insignificant effect of site location on regrowth species 
populations means that the tolerance ranges detected for this group 
were probably close to those they really possessed. It is likely, 
therefore, that the factors which seemed to prohibit the establishment 
of these regrowth species on a site (low radiation intensities and air 
temperatures and high soil nitrogen levels) did, in fact, have this 
effect . The single inconclusive point, therefore, is whether the 
es tablishment tolerance ranges of forest species in reality extended 
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further toward high radiation intensities, air temperatures and soil 
pH's, and low soil carbon and CEC levels, than the observations 
indicated . Were this the case, it would suggest that woody regrowth 
plants were less important to the re-establishment of forest than the 
results indicated, forest species being capable of establishing on 
bare ground or cropped fields . 
The tentativeness which surrounds these conclusions could 
only be removed by detailed autecological experimentation in controlled 
environments. It may be mentioned, however, that no informal 
observation, at any un-sampled site in the study area contradicted the 
conclusion on the inability of forest species to establish on bare 
ground or cropped fields . It is therefore felt that the results 
presented in Chapter 5 are a fair approximation to the truth. 
THE SPACE TO TIME TRANSFORMATION 
The validity of having used spatial variation to interpret a 
time sequence could only be determined by observations over an extended 
period. However, the importance of the vegetation changes that took 
place at about the time of site abandonment indicates that sequential 
observations over a period of several months at such sites may have 
provided valuable data confirming or confuting conclusions that had to 
be drawn from circumstantial evidence. Most useful would have been a 
confirmation of the lack of floristic changes in the species population 
after the time of abandonment. 
THE SECONDARY VEGETATION AT GUMATE COMPARED 
WITH THAT OF OTHER TROPICAL AREAS 
COMPARISONS WITHIN S.E . MINDANAO 
Travel about south east Mindanao allowed a number of casual 
observations on the secondary vegetation in that region, the most 
detailed of which were made in a coastal valley near Santa Cruz on the 
western shore of Davao Gulf (Figure 1). The area lay at altitudes 
below 300 m. and had undergone more intensive, and probably more 
prolonged, human disturbance than had the study area. While a general 
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group of 'non-forest' species could be distinguished, many of the herbs 
of which were also encountered at Gumate, there were marked contrasts 
in the secondary vegetation of the two areas . No tree ferns occurred, 
nor were there any large herbs comparable to Musa spp . and Hornstedtia 
sp. at Gumate. A greater variety of woody regrowth stages appeared to 
exist, varying from thickets of Lantana camara to stands of small trees 
such as Mussaenda s p. and occas i onal groves of the larger Aleurites 
moluccana (Plates 31, 32, 33) . Large vines were also more counnon than 
at Gumate. 
A second area visited, on the eastern slopes of Mt Apo itself, 
was at an elevation similar to that of the st udy area but had been 
undergoing human interference for some considerable time for, according 
to Montano (1886), the area was occupied by Bagobos in 1880 . Most 
regrowth vegetation was far less luxuriant than at Gumate, and much 
of it was similar in appearance to that of stand 4, possibly indicating 
unknown human disturbance to this latter site . In addition, a number 
of species were prominent which were seldom seen at Gumate, the most 
notable being large bamboos. These may have represented more slowly 
migrating species which occur only in areas that have undergone long-
maintained human disturbance. These observations, together with more 
fleeting impressions f~om other localities, illustrated the great 
differences in secondary vegetation that existed even within south east 
Mindanao and which were, apparently, the product of differing environ -
ments and source populations of species as well as differing degrees 
of human interference . 
COMPARISONS ON A WORLD SCALE 
Stabilized grasslands most of which supposedly represent 
'degenerate' herb stages have received wide mention in the literature 
because of their strikingly anomalous occurrence in areas that would 
normally be expected to support rain forest (e.g . Holmes 1951; Beard 
1953; Bartlett 1956; Cla yton 1958; Robbins 1960; Johannessen 1963; 
Vesey-Fitzgerald 1963) . Few reports have included any experimental 
evidence supporting the secondary origin of these grasslands, however, 
Plate 31 
Lowland regrowth, Santa Cruz, Davao . A thicket of 
Lantana camara mixed with Imperata cylindrica var . 
major has invaded an abandoned coconut plantation. 
Plate 32 
Lowland regrowth, Santa Cruz , Davao . Widely spaced 
Mussaenda sp . with a dense herb layer of ferns . 
Plate 33 
Lowland regrowth, Santa Cruz , Davao . Grove of 
Aleurites moluccana. 
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and it is probably safer to suppose them to be only possibly anthropogenic. 
Many such grasslands in south east Asia are dominated by Imperata 
cylindrica, and their general appearance must be somewhat similar to 
that of stand 15 at Gu.mate. Accounts of other herbaceous stages are 
few, doubtless because of their ephemeral nature . It is of interest 
to note, in this context, that sites in the study area which had under-
gone no disturbance after clearing were briefly occupied by stands of 
the composites Erechtfiites valerianifolia and Crassocephalum crepidieides 
the wind-dispersed seeds of which were in cons tant circulation . These 
stages seldom persisted for longer than a few weeks and, therefore, 
were not sampled as discrete stands. 
Secondary vegetation in which softwood trees predominate has 
often been described, and all tropical areas seem to harbour this 
ecological group. In the American tropics, Cecropia spp . typifies 
the group whilst in Africa, Musanga cecropioides, and in south east 
Asia, Trema orientalis, have been most commonly mentioned in this role . 
On the island of Negros, in the central Philippines, Brown and Mathews 
(1914) describe large sites covered by Trema orientalis, recalling a 
vegetation similar to stand 6 at Gumate . These authors also mention 
pure stands of Homolathus (sic) populneus on Mt Mariveles in Luzon, 
suggesting an appearance similar to that of stand 3 at Gumate . Despite 
these two analogies with Gumate, many other vegetation types are 
described in Luzon by these authors and by Whitford (1906) and Brown 
(1919) that have but slight resemblance to stands in the study area. 
More distant areas have an almost totally different species 
composition and comparisons must, therefore, be restricted to structural 
characteristics . In Malaya, Symington (1933) describes early regrowth 
stages in which single-species predominance of Trema sp . or Macaranga 
sp. was most common. Canopy heights mentioned, together with those 
of stands of comparable age at Gumate, are as follows : 
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MALAYA GUMATE 
Age Canopy height Age Canopy height 
6 months 6 ft. 
12 months (18) 15 ft. 
20 months 20 ft . 
30 months (2) 18 ft. 
37 months 3o+ ft . 
In Nigeria, Ross (1954) describes sample plots 5, 14 and 17 years of 
age in which secondar y forest trees pre dominated . Some details of the 
structure of these stands together with figures for stands 3, 5 and 6 
at Gumate, which were of comparable age, are as follows : 
5 yr. 
14 yr . 
17 yr. 
7 yr . 
6- 7 yr . 
21 yr. 
NIGERIA 
Canopy height 
10 m. 
23 m. 
21 - 25 m. 
GUMATE 
10- 15 m. 
15 - 20 m. 
10-12 m. 
Density of trees 
over 5 cm. DBH 
1 tree 5.3 2 per m. 
ti 6 . 8 ti 
ti 6. 7 ti 
2 1 tree per 3.1 m. 
ti 7 • 6 II 
ti 3 • 8 II 
In Singapore, Burkill (1919) describes a 30 year old regrowth stand the 
canopy of which had attained a height of 14- 15 m. , a figure somewhat 
below the 20- 25 m. high canopies of stands 11 and 12 at Gumate, each 
27 years old. Tree density also differs, averaging one tree over 9 in . 
DBH every 8 sq .m. compared with 4.1 and 5.8 sq.m . in stand 11 and 12, 
respectively . In Trinidad, Greig - Smith (1952) describes the vegetation 
structure on two sample plots, one 7 years and the other 15 - 30 years old 
7 yr. 
15-30 yr . 
Canopy height 
7 . 5 m. 
3-4 . 5 m. 
Density of trees 
over 5 cm . diam . 
(measure d l' above 
the ground) 
2 1 tree every 1 . 0 m. 
II 0 . 6 II 
Even when allowance is made for the different heights at which girth 
measurements were made, the contrasts with the study area vegetation 
are striking . What appear to be more familiar softwood tree stands 
are described by Beard (1945) as a stage in the primary succession on 
the Soufri~re volcano on St. Vincent (West Indies) . At the lowest 
levels of devastation (1200-1850 ft . ), dense stands of Cecropia sp. 
15-27 m. tall are described and photographed . 
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In summary, the comparisons drawn above indicat e that, although 
regrowth stands composed of trees of comparable morphology are wide-
spread throughout the tropics, there are few similarities in gross 
stand structure . Indeed, in view of the considerable variations in soft-
wood tree stands within the study area itself (viz . stands 3, 5 and 6), 
such dissimilarities on a world scale are not unexpected . 
The occurrence of tree fern stages i n se condary rain forest 
successions has not been widely mentioned : this may reflect the 
remoteness of mountain areas in which these pteridophytes usually 
flourish. Asprey and Robbins (1953) report tree fern brakes in the 
Blue Mountains of Jamaica, and suggest that they may be secondary. 
Beard (1945) records stands of Cyathea sp . at high elevations on St. 
Vincent, as a stage in primary succession: at lower elevations on 
the same island they occur as a subordinate layer under stands of 
Cecropia sp . Wardlaw (1931) reports stands of Cyathea sp. on 
abandoned banana plantations in a high rainfall area of St . Lucia 
(West Indies) . There, Cyathea sp. occurred co-dominant with Cecropia 
palmata and Sciadophyllum sp . in two year old stands. In a three 
year old stand the ferns had been overtopped by Cecropia palmata but 
in a twenty year old stand they had become predominant again. Wardlaw 
suggests that the tree fern stands were indicative of low soil 
fertility and that forest trees would not re-establish there. The 
results presented in Chapter 5 suggest that this conclusion may have 
been premature. The presence of Musa spp. in early regrowth is 
mentioned both by Brown and Mathews (1914) and Symington (1933), 
while on Bougainville and Bµka islands, mature Musa sp . is reported 
to form dense stands (Heyligers 1966) . Reports of similar occurrences 
in the African or American tropics have not been encountered . No 
mention has been found in the literature of secondary stands of large 
zingiberaceous herbs. 
These comparisons, although crude, serve to illustrate the 
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great variation that exists in the secondary vegetation of humid 
tropical a r eas . Indeed, it would seem that the single strong link 
between all types (other than their secondary origin) is their striking 
differences from the primary rain forest of the areas in which they 
occur . This complexity indicates that any attempt to classify the 
secondary vege t ation even of a geographic region of limited extent 
will be an exceedingly difficult and possibly un - rewarding task . 
SUMMARY OF RESULTS 
The sampling of regrowth stands thought to be representative 
of this vegetation type in the study area revealed a number of salient 
points. In most stands a single, distinct, life form made up an over -
whelmi ng proportion of the plant mass : the life forms distinguished 
included small herbs, large zingiberaceous herbs, large musaceous 
herbs, softwood trees, tree ferns and hardwood trees . A comparison 
of the juvenile and mature plants present in each stand revealed that 
all stands, save those in which hardwood trees were predominant , were 
apparently unstable . In some stands, notably those in which softwood 
trees predominated, little reproduction of the mature species was 
taking place. In other stands, in which the predominant plants were 
reproducing themselves, juvenile forms of other species which, when 
mature, would overtop the currently predominating life form, had 
established. It was concluded, therefore, that the secondary vegetation 
of the area was in a state of flux . When the structures of these 
stands we re compared with the time that had elapsed since their sites 
were abandoned, a general trend from small herb predominance in very 
young stands, to hardwood tree predominance in very old stands was 
evident . Stands of intennediate age had either softwood trees or tree 
ferns predominant. It was inferred, therefore, that a structural 
change would take place during revegetation of any abandoned site in 
the area from small herb predominance to hardwood tree predominance 
via softwood tree and/or tree fern predominance . 
A critical examination of the process of plant succession in 
223 
the study area revealed that the multi - staged structural succession was 
not paralleled by a similarly multi - staged floristic succession. The 
floristic succession was two - phased and most species of the area appeared 
to belong to one of two distinct ecological groups . Those species in 
the regrowth group, including small and large herbs and softwood trees, 
estab l ished before or soon after the time of site abandonment but 
negligib l y thereaft er . Those species of the forest group established 
only at some time after site revegetation had begun. Tree ferns proved 
to be a separate group of wide ecological amplitude which were capable 
of establishing at any time during revegetation . The environmental 
factors significant in this floristic succession included radiation 
i n t ensity, air temperature, soil carbon, cation exchange capacity, 
pH and nitrogen . As softwood trees were capable of inducing micro -
environmental conditions favourable to hardwood tree establishment 
soon after site abandonment, most stands showed an inter -mingling of 
the two ecological groups in varying proportions. 
The single structural change in the secondary vegetation that 
could be interpreted as a result of floristic change was the establish-
ment, and slow rise to predominance, of hardwood forest trees . 
Structural stages prior to this terminal stage were interpreted as a 
reflection of the differing growth rates of the established population 
of regrowth species, all of which established at about the same time . 
Small herbs grew rapidly and so predominated in the stand at an early 
period, reproducing only vegetatively thereafter . Softwood trees grew 
more slowly, but, if well established, eventually rose to predominance 
and suppressed the herb layer . However, they were incapable of 
reproducing sexually in situ and were essentially one - generation spec ies . 
If short-lived, the y died a f ter 10-15 years and were replaced by 
slower-growing tree ferns already established beneath them . If 
longer-lived, they were usually replaced directly by hardwood forest 
trees, tree ferns remaining as a subordinate layer at all times . Tree 
ferns were capable of reproducing themselves in situ and maintaining 
a structurally stable stand until hardwood trees established beneath 
them, matured, and eventually overtopped them. 
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Although a general successional trend could be distinguished, 
several factors served to complicate this greatly. Whether or not a 
site was burned after clearance appeared to determine whether an 
established seedling population of forest species (and possible any 
viable seed present in the soil) was present from the start of succession. 
If the site had been burned, the subsequent establishment of a forest 
population there was highly dependent upon the distance from the 
forest, and peculiar site locations could result in the arrest of the 
succession at a tree fern stage. The number of times a site was cleared 
during disturbance adversely affected the size of the regrowth 
population, and especially the number of softwood trees. An extended 
period of disturbance could lead to a depauperate stabilized herb 
stand the micro-environment of which did not favour the establishment 
of either woody regrowth species or forest species. The final, and 
possibly most important, complicating factor was chance presence or 
absence of particular species . Although this was strictly not a 
'chance' factor, no obvious reasons could be proposed, for example, 
to account for the fact that one species of softwood tree established 
in stand 3 and a different one in stand 6, or that tree ferns had not 
established in stand 4 . It is possible that such 'chance' factors are 
of great importance in secondary tropical vegetation for Symington (1933) 
concludes, after a careful examination of secondary stands in Malaya, 
that ' .. . it must be realized that the element of chance plays a very 
important role when dealing with small areas . ' These several 
complicating factors served to emphasize individualistic stand 
characteristics so greatly that it would seem inappropriate to designate 
plant succession in the study area as a 'sere' . 
The replacement of a forest cover by woody regrowth led to 
some slight increase in surface runoff and accelerated erosion from 
a site . If, however, the secondary cover was grassland, there was a 
marked increase in surface runoff although only a slight further 
acceleration in erosion. Logging of primary forest resulted in 
appreciably greater runoffs and severe erosion for at least a year after 
disturbance . 
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If the cropping period of a shifting cultivation cycle was 
brief, excessive runoff and erosion would not take place, particularly 
if rice and not corn was the crop grown. Such a brief cropping period 
also ensured the re-establishment of a woody vegetation fallow . The 
rate of soil erosion under such a short - cropping system of shifting 
cultivation was so slow that signs of solum thinning would only be 
visible after many thousands of years. If, however, cropping extended 
beyond two cycles, a marked increase in soil erosion occurred which 
was apparently related to declines in surface so il organic matter and 
hence infiltration capacity . Such declines in soil organic matter 
were not, however, primarily a result of erosion, and, except on 
fields cropped for very long periods, the vast proportion of the loss 
was due to a high rate of decomposition with insufficient litter 
accretion. Surface soil nitrogen content declined rapidly after 
clearance, this being almost wholly the product of bacterial de -
nitrification and not of soil erosion. 
The weed - destroying and fertility - restoring functions of a 
secondary vegetation fallow could be fulfilled most successfully by 
stands of softwood trees which, to establish in abundance, needed 
brief cropping periods . The high litter production of these plants 
led to a rapid increase of soil organic matter up to, or above, forest 
levels, and may also have produced a brief period of surface soil 
enrichment. The rapid growth of these trees also led to a quick build -
up in the nutrients stored in the standing vegetation . Soil conditions 
ideal for cultivation could only have been attained under a hardwood 
tree fallow stage, but the length of time necessary for this to emerge 
made it an impracticable alternative . The most efficient use of a 
younger fallow was to clear the softwood tree stands when their maximum 
size had been attained . Prolongation of the fallow beyond this time 
would lead to a tree fern stand of no greater mass appearing on a site, 
beneath which soil organic matter levels may have temporarily declined . 
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SUCCESSION THEORY AND THE SUCCESSION AT GUMATE 
While man has undoubtedly appreciated the inherent instability 
of some vegetation types since he developed shifting cultivation, 
written expression of this appreciation is comparatively recent, there 
being few relevant references in the literature prior to 1700. This 
was probably the result of the slow and und r amatic nature of the changes 
in the vegetation of temperate Europe, and the disappearance of shifting 
cultivation in this region prior to the Middle Ages. Clements (1928) 
quotes a number of written references to vegetation changes dating 
from 1685: many concern drastic changes, most notably those in peat 
bogs . The development of interest in vegetation as an object of 
scientific investigation resulted in an increased realization of the 
instability of this phenomenon . Kerner (1863), while primarily 
concerned with the characterization of distinct vegetation types of 
the Danube vasin, nevertheless recognized the instability of the 
boundaries between these. Similarly, Warming (1909) showed an 
appreciation of primary successions but failed to develop this greatly . 
The classic work of Cowles (1899) on vegetation successions in the 
Lake Michigan sand dunes was the first attempt to concentrate wholly 
on the process of vegetation change and was, indeed, the first 
detailed plant ecological investigation of any substance . While 
Olson (1958) has demonstrated some inaccuracies in Cowles' conclusions, 
the study was, nevertheless, an outstanding piece of research. 
Clements, in a series of publications from 1902 onwards, 
culminating in 'Plant Succession and Indicators' in 1928, developed 
the concept of plant succession extensively, wedding it to his theories 
of the climax formation. Succession was defined as 'the universal 
process of formation development', the vegetation formation being defined 
as an ' organic entity'. Plant succession was thus, in Clements' view, 
restricted solely to development towards a climax state, and any other 
direction of change was thought to be externally induced and so not 
'successional' . The form assumed by succeeding vegetation was thought 
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to be ' staged ' although with varying distinctness 
While the movement from initial stage to climax or subclimax 
is practically continuous, there are typically certain periods 
of comparative or apparent stability . These correspond to 
population or invasion maxima which mark more or less well 
defined communities . . .. such stages usually appear much more 
distinct than they are owing to the fact that the study of 
succession so far has been little more than the arrangement 
in probable se quence of stages contemporaneous in different 
a r eas . However faint their limits, real stages do exist 
as a consequence of the fact that each dominant or group 
of dominants holds i ts place and gives character to the 
habitat and community until effectively replaced by the 
next dominant . The demarcation of the stages is sharper 
when the change of population is accompanied by a change 
of life - form, as from a grassland to scrub or forest . In 
some secondary seres, there is little or no change of life 
form and the stages are few and indistinct. In some cases, 
the dominants of the entire sere may be present the first 
yearafter a burn, for example, and the well marked stages 
are due solely to the rate of growth, which causes the 
dominants to appear and characterize the area in sequence . 
(Clements 1928, 100) 
He continues, point ing out that stages may be distinguished on the basis 
of species population, life - form or habitat. 'Dominance with reaction', 
he thought, ' includes all of these bases and is by far the best method . 
The essential stages are those marked by a dominant or group of 
dominants . ' Thus, succession was thought to be staged in terms of 
species population, dominating life form and habitat conditions . 
Despite his dogmatism, Clements did succeed in developing a log ical 
framework that explained, in a general way, most vegetation changes, 
and identified several important elements of the process. He 
distinguished between primary and secondary successions and tabulated 
six concepts - nudation, migration, ecesis, competition, reaction and 
stabilization - which are still utilized. 
In Britain, Tansley (1935) re - inter preted much of Clements ' 
work . He defined the formation as merely a quasi - organis m, and 
succession was more pragmatically interpr eted . The occurrence of 
externally- induced as well as self- induced vegetation successions was 
accepted, these being termed 'allogenic' and ' autogenic ' respectively . 
Succeeding vegetation was thought to pass through a series of phases, 
although continuity was recognized : 
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But I think the concept of succession involves not merely 
change, but the recognition of a sequence of phases (admittedly 
continuous from one to the other) subject to ascertainable 
laws : otherwise why do we employ the term succession instead 
of change? 
In addition to the work of Tansley, an extensive literature has 
developed on the validity or otherwise of Clements' concepts. 
Phillips (1934 - 35), adheres to the concept of succession as progressive 
and autogenic only , although recognizing the presence of complicating 
factors . Michelmore (1934), on the othe r hand, argues for the 
distinction between inherent and physiographic successions, quoting 
African examples of these. 
A yet more realistic approach is proposed by Cooper (1926), 
whose extensive field experience doubtless illustrated the fallacies 
of a rigid conceptual framework . Succession is described by him as : 
. . . the universal process of change in the great vegetation 
stream; all vegetation changes, whether internally or externally 
induced, whether gradual or abrupt, are therefore successional. 
An analogy is drawn between the earth's vegetation and a braided 
stream; a unit succession is regarded as a streamlet, and a cross -
sectional view of one at an instant in time likened to a plant community . 
The form assumed by succeeding vegetation is not specified by Cooper 
but, as he regards communities as 'more or less definite groupings of 
individuals', it seems likely that he envisaged a staged succession 
of species populations. More recently, Whittaker (1953) extends 
Cooper's concept of succession, contesting any staging in the appearance 
of species populations : 
Succession may thus be thought to occur, not as a series of 
distinct steps, but as a highly variable and irregular 
change of populations through time, lacking orderliness or 
uniformity in detail, though marked by certain uniform 
over-all tendencies. In its continuity and irregularity 
and in the sharing of populations in different combinations 
by different successions , succession is effectively represented 
by Cooper's (1926) imag , after Vestal, of a braided stream 
(cf . Alechin 1925) . 
Recent approaches to succession have, fortunately, avoided 
conceptual argument and stressed empirical observation . Scott (1965) 
produces evidence from a primary shingle succession in support of 
Whittaker's concept of succession, concluding that : 
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The variability in composition of seral stages seen in the 
field suggests very strongly that the sere is not a strictly 
organized sequence of changes, but rather a general trend of 
change in the vegetation of ' loosely ordered complexity' 
(Whittaker 1957, 203). Such a trend would agree with 
Gleason's individualistic concept of the plant community, 
each stage in the sere being a product of the accessibility 
of plant propagules and environmental sifting . 
Crocker and Major (1955) examine vegetation and soil changes over two 
hundred years on moranic material at Glacier Bay, Alaska : Olson (1958) 
examines simi lar changes over a far longer period in the Lake Michigan 
sand dunes. In both cases, significant soil changes are found which 
can be related to the vegetation . Decker (1959) argues for greater 
emphasis on the autecology of important species in successional studies : 
In explaining a successional sequence, the critical first 
question is autecological. It concerns the stage at which 
the life cycle of the succeeded plant was interrupted, and the 
environmental factor most directly responsible for the inter -
ruption. 
Many studies on secondary successions have been carried out 
since the turn of the century but most have been descriptive and any 
investigation into the nature of autogenesis has been notably lacking. 
This omission results, no doubt from the less dramatic changes which 
accompany the revegetation of abandoned land. Egler (1954) recently 
proposes a re-examination of old assumptions on the colonizational 
aspects of secondary successions. Specifically, he calls for r ecognition 
of the initial floristic (propagule) composition of sites as significant 
to the course of succession which, he argues, adds a subtle complication 
to the usually assumed 'relay floristics' of propagule invasion from 
external sources. Experimental evidence of the importance of this 
factor is provided by Major and Pyatt (1966) . 
The floristic succession that was taking place at Gumate seems 
most closely to approximate Whittaker's (1953) concept of plant 
succession. However, there appeared to be less disorder in the change 
than he conceived of : the size of the two ecologically distinct species 
populations of the area did differ in an orderly manner in response to 
a limited number of factors, although the specific composition of the 
two populations was highly variable from site to site . The replacement 
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of the regrowth species population by the forest species population was 
an orderly process, the latter group having re quired some 'site 
preparation ' by the former . 
In contrast to the floristic succession, structural succession 
in the area did exhibit a series of distinct stages, although only 
the emergence of the hardwood t r ee stage was precipitated by a floristic 
change . The cause of s t ructural succession on sites possessing an 
established population of regrowth species (differing growth rates) 
was anticipated by Clements (1928), but this process has not received 
wide attention elsewhere . It is probable that this type of successional 
change is more common in secondary successions as the initial site 
condition is less drastically different from the 'average'site condition 
of the area and there is, consequently, a greater number of species 
available, capable of establishing immediately. It is also more 
likely in the tropics, where a proportionately larger flora is 
available in any given area. In both instances, the larger the 
population of species likely to colonize a site, the greater will be 
the variety of growth rates, and consequently, the greater the number 
of structural stages likely to appear sequentially . 
The importance of viable seed stored in the soil in 
determining the population of regrowth species which would establish 
on a site in the area supports Egler's (1954) contention of the 
significance of this factor in secondary succession . Forest species, 
on the other hand, appeared either to lack the seed dormancy 
adaptation or, if possessing it, had seeds that were more easily 
exterminated by burning . The former possibility seems more likely 
for two reasons . Firstly, before the advent of man, neither group 
would have been subjected to fire, and it seems unlikely that the 
regrowth species seed would have evolved a differential hardiness to 
fire in so br ief a period . Secondly, it seems like ly that a seed 
dormancy adaptation was developed by regrowth species, but not forest 
species, before the advent of agriculture . At this time, the regrowth 
species must have depended upon scattered and sporadically- available 
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tree fall sites in the primary forest as suitable ecological niches in 
which to germinate and grow. By contrast, the seed of forest species 
would usually have been shed into a micro-environment favourable for 
its germination and would, therefore, have been less dependent for 
survival on seed capable of prolonged dormancy in the forest soil. 
The results that have been achieved in this study support 
Decker's (1959) contention that the critical first question to be 
answered when explaining a successional sequence is autecological. No 
amount of detailed phyto-sociological descript ion of the secondary 
vegetation at Gumate would have revealed the factors determining the 
elimination of some species and their replacement by others. 
It would be foolhardy to expect that the secondary successional 
processes operating at Gumate are necessarily those ope rating in other 
parts of the humid tropics. Although similar wet montane environments , 
which have undergone similar human disturbance, may exist, a different 
species population, with differing ecological amplitudes, might lead 
to a totally different successional process. Only comparable 
investigations in other parts of the tropics will reveal whether 
similar processes operate throughout the tropical rain forest. However, 
the successional processes revealed at Gumate were sufficiently 
different from those which, from casual observation, appeared to be 
operating there, to make one cautious of conclusions about secondary 
successions in other parts of the tropics which are not based on 
detailed investigation. 
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APPENDIX I 
DAILY METEOROLOGICAL RECORDS FOR THE STUDY AREA 
233 
A. INCOMING SHORT-WAVE RADIATION 
2 (Cal./cm . /day) 
1964 1965 
Date Nov Dec Jan Feb Mar Apr May 
1 296 283 371 512 186 338 
2 356 319 418 556 229 541 
3 392 368 182 417 471 489 
4 207 336 202 213 568 631 
5 349 523 505 390 558 528 
6 356 555 499 301 536 524 
7 ll5 523 364 220 523 483 
8 246 409 559 201 586 371 
9 341 489 488 305 553 516 
10 317 187 410~·( 401 538 467 
ll 432 135-k 326 359 612 326 
12 289 88 llO 294 446 549 
13 399 136 568 273 586 5ll 
14 345,'( 210 437 355 525 346 
15 347 206 483 309 538 335 
16 270 214 488 317 218 3ll 
17 264 348 149 586 503 297 407 
18 47 501 128 227 479 164 393 
19 189 376 201 404 541 193 309 
20 297 453 272 187 231 222 307 
21 283 409 335 375 337 243 271 
22 409 429 338 510 326 291 298 
23 315 322 483 435 237 301 262 
24 319 440 581 296 253 325 276 
25 314 451 427 409 264 552 281 
26 285 352 350 521 207 570 582 
27 301 405 158 336 473 527 388 
28 341 484 315 5ll 510 506 414 
29 272 364 315 SQQ,'<' 358 343 
30 247 308 418 350 427 368 
31 254 388 265 400 
Total 10,964 9,878 ll, 209 10,899 12,650 12,564 
* Estimated values. 
--
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1965 
Date Jun Jly Aug Se p Oct Nov 
1 249 285 423 284 290 445 
2 249 350 221 261 325 401 
3 163 245 217 181 368 398 
4 239 373 222 263 372 239 
5 229 282 424 285 302 299 
6 354 349 530 381 308 262 
7 256 142 471 282 346 318 
8 259 233 331 214 244 167 
9 332 273 408 183 278 210 
10 495 278 441 268 396 379 
11 240 130 466 356 335 176 
12 459 121 552 308 298 263 
13 254 232 278 378 347 363 
14 272 290 346 420 319 444 
15 255 285 393 330 307 422 
16 294 264 417 202 279 487 
17 305 416 357 214 267 
18 336 250 310 sos 195 
19 428 379 414 476 326 
20 398 279 353 387 377 
21 274 310 384 300 332 
22 275 319 314 371 411 
23 408 202 313 324 450 
I 24 308 365 202 260 579 
25 353 400 163 284 356 
26 429 229 231 334 336 
27 560 335 294 290 523 
28 247 200 327 420 385 
29 268 327 307 244 402 
30 207 328 544 269 480 
31 262 318 513 
Total 9 , 396 8,735 10,972 9,275 11 , 047 9,159 
( I 64+ I 65 ) 
--· -r -
B. MAXIMUM TEMPERATURES (o C.) 235 
1964 1965 
Date Nov Dec Jan Feb Mar Apr May 
1 28 . 1 26 . 5 27 . 5 29 . 5 25 . 0 29.9 
2 27 . 8 27 . 9 27 . 9 29 . 2 26 . 0 31. 9 
3 29 . 2 28 . 0 21.5 28 . 0 30 . 5 32 . 5 
4 25 . 2 27 . 5 23 . 4 24 . 9 30 . 5 31. 9 
5 29 . 4 29 . 2 29.5 28 . 5 30 . 7 31.5 
6 28.3 30 . 0 28.8 27 . 9 32 . 0 32 . 0 
7 21.5 31. 2 29 . 0 25 . 2 31. 0 32 . 0 
8 25.2 28.0 29 . 8 24. 9 30 . 0 31. 9 
9 28 . 2 29 . 0 30.5 28 . 9 31. 0 31. 2 
10 28.7 24 . 4 29 . 5 27 . 9 32 . 0 31. 0 
11 30 . 1 19 . 7 29 . 9 28 . 5 31. 9 29 . 5 
12 28 . 1 16.2 22 . 5 28 . 0 32 . 2 31. 0 
13 30 . 5 20 . 2 29 . 1 28 . 9 31. 9 32 . 1 
14 29 . 5 23 . 5 29 . 1 27.5 31. 5 31.0 
15 30 . 8 24 . 1 28.5 26 . 5 32 . 5 28 . 5 
16 29.2 24 . 7 30 . 5 27 . 5 27 . 5 30 . 0 
17 24 . 7 31.1 22.9 29 . 0 29.5 27 . 7 30 . 0 
18 21. 8 29 . 9 24.2 25 . 5 29 . 3 25 . 7 30 . 1 
19 23 . 9 29.5 23 . 9 31. 5 30.5 25 . 5 28 . 0 
20 25 . 6 29 . 3 25 . 8 24 . 3 23 . 5 27 . 9 28 . 0 
21 27 . 2 28 . 5 27 . 0 23 . 8 25 . 0 28.0 29 . 0 
22 30 . 4 30 . 2 26 . 9 29 . 9 27 . 3 29 . 0 28 . 5 
23 28 . 9 27 . 0 28 . 7 29 . 0 26 . 9 28 . 5 30 .4 
24 27 . 7 29 . 2 30 . 1 27 .o 27 .5 28 . 9 29 . 1 
25 29 . 5 29 . 0 30 . 2 27 . 2 26 . 0 31. 9 26 . 3 
26 28.0 28 . 8 30 . 0 31.5 26 . 5 32 . 9 30 . 0 
27 28 . 9 29 . 0 23 . 3 29 . 0 29 . 5 32 . 0 31.0 
28 30 . 8 29 . 3 26 . 0 31.1 30 . 3 32 . 9 31. 0 
29 28 . 8 29 . 5 29.0 30 . 9 30 . 0 28 . 9 
I 
30 27 . 3 27 . 9 29 . 1 31. 0 30 . 5 32 .5 
31 26 . 2 26 . 9 28 . 5 28 . 2 
Mean 28 . 52 26 . 26 28 . 07 27 . 87 29 . 92 30 . 29 
.. ..... 
... 
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1965 
Date Jun Jly Aug Sep Oct Nov 
1 27 . 0 27 .0 30.5 28 . 0 28 . 8 31. 2 
2 26 . 6 28 .0 26 . 5 28 .4 28 . 6 30.8 
3 25 .2 25 .1 28.0 25.5 29 . 2 31. 0 
4 24 .9 27 . 2 26 . 1 26 . 9 28 . 9 25.2 
5 27 . 7 26 . 5 29 . 2 28 . 4 28 . 2 25 . 5 
6 27 .4 26 . 9 29 .5 29 . 9 28 . 6 28 . 0 
7 26 . 8 23.0 29 . 0 28.2 28 .1 28.2 
8 28 . 9 26 . 0 28 . 0 26 . 0 27 . 6 24 . 5 
9 27 . 5 25 . 0 29 . 7 24 .0 28 . 9 25 . 9 
10 28 . 5 26. 5 30.7 25 . 5 30 . 0 31. 2 
11 27 . 5 23.0 31. 2 27 .9 29 . 9 30 .4 
12 29.0 21.5 31. 9 27 . 2 29 .5 29 . 4 
13 27 . 0 25 .2 29 .8 28 . 5 30 . 0 28 . 5 
14 27 . 1 26 . 0 28 . 7 30.0 30.1 30.2 
15 25 . 9 26.2 30.5 29 . 2 26 . 2 29 . 8 
16 28 .0 26 . 9 29 . 5 25 .1 29 . 9 30.2 
17 26 . 2 27 . 2 30.8 25 . 9 30.9 
18 26 .0 26 . 2 27 .5 32.0 24 .8 
19 28 .9 28 . 4 31. 0 31.1 29 .0 
20 29 . 0 25 .0 27 . 9 32.2 30 . 0 
21 28 . 0 26 . 5 30 . 0 28.0 30 . 2 
22 27 .1 28 . 0 27 .5 29 .2 31. 5 
23 27 .5 24.0 27 . 4 28.0 31. 8 
24 29. 8 27 . 0 25 . 0 31. 5 32 . 5 
25 27 . 0 28 . 9 25 . 1 29 . 5 30 . 5 
26 29 . 5 25.4 27 .0 28.0 28 . 4 
27 30 . 9 28 . 5 28 .0 28 . 2 31. 9 
28 27 .2 25 .5 26.9 29 .6 31.5 
29 26.0 28.5 26 .5 28 . 0 30 . 8 
30 24 .0 28 . 7 31.4 28 . 5 31.0 
31 26 . 0 31.5 32 . 0 
Mean 27 . 44 26. 25 28 . 78 28 . 28 29 . 65 28 .1 2 
( I 64 + I 65) 
Ll 
.. -
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C. MINIMUM TEMPERATURES Coe.) 
1964 1965 
Date Nov De c Jan Feb Mar Apr May 
1 16.1 18.0 15 . 0 15.4 17 . 0 17.9 
2 16 . 7 17 . 9 18.0 16 . 1 16 . 0 18 . 7 
3 17.0 17 . 8 17.9 17.0 17 . 0 16 . 9 
4 18 . 4 16 . 2 17.8 16 . 7 16 . 5 14 . 5 
5 17 .8 16 .0 16.6 18 . 0 16.2 15 . 2 
6 17 .0 14.8 16 . 2 17 . 5 16 .4 15 . 2 
7 17.4 15 . 9 17 . 1 17 .0 15 . 2 17 .0 
8 16.3 18 . 9 17.9 18 . 5 12 . 5 16 . 1 
9 16 . 5 16.3 14 . 5 17.0 15.9 15 . 9 
10 16 . 4 18 . 3 16 . 4 17.4 15.9 17.0 
11 17.0 16.9 16.6 17 . 0 14.9 17 . 9 
12 18 . 0 18 . 4 18 . 0 18.4 15.5 18.2 
13 15.1 16.9 16 . 0 16.7 15 . 0 17 . 0 
14 16 . 3 17 . 2 15 . 0 17 . 4 16 . 0 18.1 
15 17 . 0 17 . 4 17 . 5 18 . 0 14 . 5 16 . 5 
16 16 . 6 16 . 5 14 . 9 17.5 18 . 4 17 . 0 
17 17 . 0 17.2 16.0 15 . 5 16 . 5 17 .5 17.2 
18 17 . 9 16 . 1 17 . 6 14 . 0 16 . 0 18 . 0 18 . 4 
19 18.0 17 . 0 18.0 15 . 0 16.5 17 . 0 16 . 5 
20 17 .4 16.5 17.9 18 . 4 18 . 0 17 . 9 17 . 2 
21 16.2 16.9 15 . 4 17 . 3 16.8 17 .5 18 . 7 
22 17 . 0 16 . 0 14 . 5 18 . 2 16.5 18 . 1 18 . 5 
23 15.5 16.5 13.3 15.4 17.2 17 . 4 18 . 3 
24 17.9 16.4 13 . 9 16 . 2 16.5 17 . 5 18.0 
25 18 . 2 16.0 12.9 16.5 17 . 0 17.5 17 . 5 
26 17 . 1 16 . 6 15 . 1 17 . 0 18 . 0 17 . 0 17 . 4 
27 18 . 5 16 .8 17 . 9 16 . 7 16.0 17 .5 18 . 3 
28 16 . 9 17.0 17 . 0 16 . 6 16 . 0 18 . 0 17 . 9 
29 16 . 5 15.7 15.9 15 . 5 18 . 9 18 . 0 
30 16 . 6 15 . 5 16 . 0 16 . 0 17 . 0 18 . 0 
31 16 . 2 14 .0 17 .8 17.9 
Me an 16. 65 16 . 41 16 . 51 16 . 96 16.66 17 . 30 
.-
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1~ 
Date Jun Jly Aug Sep Oct Nov 
1 18 . 4 17.0 17 . 5 18.5 17 . 3 15.4 
2 18 . 1 16 . 8 17.5 18.0 16.8 16 . 4 
3 17.8 17.8 18.0 17 . 9 16.8 16. 5 
4 18 . 0 16 . 3 16 . 5 17.2 17 . 7 18.2 
5 17.4 17 .o 15 . 9 17 .9 17 .5 17.0 
6 19.9 17 . 1 16.4 16 . 5 17 . 2 17.3 
7 18.8 18.0 16 . 6 16.9 17.4 18.2 
8 18 . 0 17.8 16.4 16.8 17.5 18 . 0 
9 17.0 16.9 17.2 18 . 0 17.2 16 . 9 
10 17 . 4 17. 9 17.0 18.2 18 . 2 16.9 
11 17.0 18.2 17 .0 17.2 18.2 17.5 
12 16.9 19 . 4 17 . 2 17 . 8 18 . 6 17.0 
13 18.0 16.0 16.9 17.6 17 . 0 17 . 5 
14 18 . 2 16.3 16 . 6 17.0 17.5 15 . 5 
15 17.8 17.0 16 . 2 17 . 0 17 . 2 16 . 4 
16 18 . 5 17.5 16 . 5 19.0 17 . 2 17 . 1 
17 17 . 5 16.9 16 . 9 17.1 18.0 
18 17.2 18.8 18.0 16 . 5 19.2 
19 18 . 0 18.5 16 . 9 17.2 18 . 1 
20 18 . 0 17 . 5 17 . 0 17 . 5 17 . 0 
21 17 . 7 17.0 17 . 5 17.5 16.3 
22 17.5 18.0 16.9 18.5 16 . 8 
23 17.8 17 .4 16.5 17 . 0 18 . 0 
24 16 . 5 17.8 17.5 17.5 16 . 2 
25 17 . 0 16 . 8 17 . 0 17 . 0 17 . 3 
26 17.2 16.8 17 . 4 17 . 1 17.0 
27 17 . 1 16 . 6 17 . 0 17.0 16.5 
28 17.5 18.0 17.5 17 . 4 17 . 2 
29 17.0 17.2 18 . 4 17.9 17 . 4 
30 17 . 4 17.0 17 . 0 17 . 5 16.2 
31 17.9 17 . 2 16 . 0 
Mean 17 .69 17 .39 17 . 04 17 . 47 17 . 31 17 . 08 
( I 64 + I 65) 
D. RAINFALL (Cm.) 239 
1964 1965 
Date Nov Dec Jan Feb Mar Apr May 
1 Tr 1. 20 1.40 1.48 2 . 65 1.05 
2 1. 27 0.46 0 . 25 0 . 13 0.65 0.43 
3 1.84 1. 50 1.40 Tr 0 . 10 Tr 
4 1.30 0 . 10 6.10 1. 20 1. 75 Tr 
5 4 . 20 0 . 45 0 . 30 2 . 30 2 . 24 0 . 30 
6 4 . 65 Tr 5.98 0 . 50 4 . 10 Tr 
7 7.05 1.10 5 . 37 0.86 0 . 07 Tr 
8 Tr 0.60 3.05 2 .3 6 0.35 Tr 
9 Tr 0.15 Tr 0.05 7.65 
10 1.45 0.13 Tr 0.60 Tr 1. 64 
11 0 . 15 7.28 1.10 0.05 1. 25 
12 4. 20 12.95 9.76 1.10 
13 2 .10 0.20 0.20 Tr 0 . 30 
14 1. 20 9.45 Tr 3 . 54 
15 0.80 0 . 10 3.60 Tr 0 . 89 
16 1.15 Tr 5.47 5 . 30 1.00 
17 0 . 04 1.40 1.16 1.35 0 . 64 1. 25 3 . 80 
18 1.00 o. 70 0 . 87 Tr 0 . 23 3 . 26 0.85 
19 0.15 4.25 1.08 0.35 0.20 0.65 0 . 80 
20 0.34 0 . 89 0.80 1. 60 0.20 1. 67 0 . 10 
21 0.01 4 . 30 0 . 05 8 . 30 Tr 0.65 0.04 
22 0 . 11 0 . 34 Tr 0 . 50 0 . 04 
23 0.21 Tr Tr 0 . 86 0 . 37 0.10 
24 0.42 2.40 2 .34 0.55 
25 Tr 1.50 Tr 0.45 2 . 25 0 . 05 
26 0.33 Tr 2.15 Tr Tr 
27 0.02 Tr 5.45 Tr 0.05 0.10 Tr 
28 0.05 Tr 0 . 05 2.45 1. 69 Tr 
29 0. 29 0 . 20 Tr 0.10 1. 24 
30 0.04 Tr 0.50 0.07 0 . 05 0.25 
31 0 . 11 2 . 05 0 . 85 0. 20 
Total 35.91 34.28 52.16 47 . 85 31.59 25 . 93 
, ..... 
- -
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1965 
Date Jun Jly Aug Sep Oct Nov 
1 0.80 0.20 Tr Tr 1.25 0 . 90 
2 0 . 15 Tr 0.45 0.30 0.25 0 . 10 
3 1. 90 1. 20 1. 65 6.85 Tr 0.60 
4 4 .30 0.15 1. 70 6.70 Tr 0.75 
5 2.30 0.10 0.65 1.55 0 . 73 0 . 45 
6 1.07 0 . 30 0 . 70 1. 60 1.06 0 . 11 
7 1. 98 0.65 0.45 4.80 0.64 0.36 
8 1.35 0.20 0.05 5 . 10 Tr 0.73 
9 1.55 0.04 Tr 2.60 Tr 0.19 
10 3.40 Tr 2 .00 0.10 
11 8.20 0.55 Tr 0.80 4.26 0.90 
12 0 . 05 1. 80 Tr 0 . 75 0 . 25 3 . 80 
13 2.60 0 . 05 1. 20 0.05 0 . 15 4 .50 
14 1.15 Tr 0.05 Tr 4.50 0.05 
15 0.10 0.10 Tr 3 . 80 1.10 
16 0.05 1.30 2 .00 0 . 04 0 . 16 0.08 
17 0.65 1. 60 Tr 0 . 02 2 .39 
18 1. 23 Tr 0.10 Tr 1. 20 
19 0 .10 0.10 Tr Tr 0.05 
20 0.10 0.04 1. 65 0.80 Tr 
21 3.50 Tr 6.95 2.10 Tr 
22 0.64 5.50 0.10 Tr 
23 0 . 05 0.26 2.50 1.50 
24 6.80 0.15 1.55 0.10 
25 0.05 Tr 1.15 4.50 0.15 
26 Tr Tr 6 . 10 0 . 50 0.30 
27 Tr 0 . 75 2 . 20 0.35 
28 1.40 0 .45 0.10 3 . 20 
29 0.56 0.05 3 . 20 3.50 
30 5.10 Tr Tr 3 . 60 0.35 
31 0 . 69 Tr 0 . 05 
Total 51.13 9.48 36.65 51. 86 28.69 31.18 
( I 64 + I 65) 
..... 
.-
-~., 
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APPENDIX II 
SOIL MOISTURE TENSION MEASUREMENTS 
MADE IN THE UPPER 5 cm . OF THE SOIL 
(cm . OF TENSION) 
A. MEASUREMENTS MADE WITH PERMANENTLY PLACED BLOCKS 242 
er s 
Date 1 2 3 4 5 6 7 
31/12-1/1 245 136 600 2 138 17 146 
13-14/1 114 87 94 25 142 52 59 
22/1 150 70 134 0 170 138 44 
1-2/2 152 84 175 14 136 97 102 
12-13/2 128 110 120 21 152 132 123 
21-22/2 123 105 135 14 140 111 111 
3/3 181 130 382 135 210 180 183 
13-14/3 143 93 151 22 161 155 92 
23/3 185 161 480 219 118 198 213 
1-2/4 100 54 103 32 143 155 126 
12/4 239 202 255 330 230 247 
22-23/4 157 74 148 76 172 152 118 
3/5 190 240 170 208 185 158 
12-13/5 185 170 307 64 168 158 170 
22/5 184 160 245 149 192 195 152 
3-4/6 120 51 96 119 200 196 117 
14-15/6 123 46 81 29 170 166 106 
24/6 112 138 98 119 229 193 96 
3-5/7 120 76 108 80 74 155 99 
14/7 117 103 222 117 184 139 110 
24/7 204 201 435 200 127 159 172 
3-4/8 152 87 157 84 101 139 110 
13-14/8 180 135 124 288 247 190 118 
23-25/8 143 66 150 75 121 113 113 
2/9 205 230 279 230 213 159 191 
11/9 80 60 106 21 13 7 113 30 
22-23/9 59 156 191 23 141 113 140 
1-2/10 84 60 70 4 151 118 114 
12/10 94 88 176 27 158 132 129 
22/10 181 136 300 127 207 154 212 
1/11 182 172 310 105 210 154 214 
243 
Stands by Numbers 
Date 8 9 10 11 12 13 14 
31 / 12 - 1/ 1 215 134 5 108 123 
13 - 14/ 1 28 90 103 117 12 128 
22 / 1 42 192 160 175 225 190 0 
1- 2/ 2 29 162 160 180 215 158 83 
12 - 13 / 2 75 103 134 158 154 125 95 
21-22/2 44 120 134 134 163 130 119 
3/3 30 232 162 296 290 190 210 
13 - 14/3 45 180 163 134 236 159 103 
23/3 107 290 178 360 365 198 240 
1-2/4 73 109 187 140 221 154 119 
12/4 150 352 210 sos 540 199 286 
22 - 23/4 83 158 170 178 241 148 117 
3/5 83 220 188 200 296 176 188 
12 - 13/ 5 98 222 199 183 284 160 198 
22/5 325 238 200 189 285 179 141 
3 - 4/6 85 120 120 86 306 179 92 
14- 15/6 100 130 138 92 223 155 115 
24/6 75 230 193 103 370 175 109 
3-5/7 79 128 132 110 360 171 89 
14/7 64 211 182 103 118 160 83 
24/7 120 265 219 212 425 177 141 
3 - 4/8 75 139 159 60 219 172 83 
13-14/8 85 139 223 112 590 180 117 
23 - 25/8 98 151 182 86 204 138 88 
2/9 117 222 234 100 450 176 124 
11/9 100 143 145 94 213 141 102 
22-23/9 100 162 198 93 255 138 103 
1- 2/10 88 138 163 91 203 144 92 
12/10 97 111 150 127 242 120 16 
22 / 10 139 25 2 234 200 327 126 139 
1/11 163 260 226 194 288 126 178 
244 
Stands by Numbers Erosion Plots 
Date 15 16 17 18 e i j 
31/12-1/1 870 121 152 
13-14/1 108 72 142 116 105 109 
22/1 170 135 156 200 180 200 
1-2/2 168 129 139 140 67 112 
12-13/2 170 108 120 155 126 138 
21-22/2 143 92 98 92 92 115 
3/3 346 172 125 197 179 253 
13 - 14/3 166 103 105 120 113 103 109 
23 /3 500 222 147 198 195 213 170 
1-2/4 92 102 114 83 132 97 
12/4 1190 123 148 300 335 450 290 
22-23/4 170 88 114 138 141 130 132 
3/5 286 148 107 221 219 204 
12-13/5 200 122 103 132 195 179 149 
22/5 220 118 139 228 82 210 193 
3-4/6 81 0 75 139 0 224 190 
14-15/6 108 0 156 141 30 122 139 
24/6 170 98 156 223 4 187 194 
3-5/7 108 0 148 204 18 128 150 
14/7 163 131 192 107 168 112 
24/7 480 170 138 270 178 138 90 
3-4/8 132 108 130 210 53 103 77 
13-14/8 840 94 136 390 68 285 239 
23 - 25/8 147 150 135 122 66 138 135 
2/9 380 243 140 300 180 224 223 
11/9 151 112 142 170 85 127 128 
22 -23/9 880 70 125 134 62 128 126 
1-2/10 119 92 103 118 54 128 108 
12/10 146 120 144 169 13 160 140 
22 /10 249 147 144 295 125 280 181 
1/11 225 197 140 360 149 364 167 
B. MEASUREMENTS MADE WITH PERIODICALLY MOVED BLOCKS 245 
Stan Quadrats 
Date 1 2 3 4 5 6 7 8 9 p·k 
Mar 9 40 155 0 121 100 58 164 161 145 150 
10 6 145 86 127 93 55 78 158 127 142 
11 44 185 120 157 112 91 158 184 180 161 
12 9 98 86 93 86 72 150 102 139 123 
13 6 142 3 146 93 37 146 158 109 143 
14 2 120 30 140 80 30 104 143 92 123 
16 2 133 0 145 82 30 143 161 108 123 
17 18 156 0 188 94 34 170 183 110 138 
18 43 167 0 201 119 44 190 197 113 148 
22 107 269 183 350 184 150 250 270 280 179 
Stan 
Quadrats 
Date 1 2 3 4 5 6 8 9 12 p 
Jan 24 133 200 176 122 288 232 70 129 144 
25 142 238 216 153 293 310 292 96 170 155 
26 164 278 262 177 340 350 420 131 193 158 
27 53 77 100 65 180 146 59 150 76 76 
28 122 125 158 175 195 205 165 58 133 83 
29 140 166 182 182 252 228 195 88 140 102 
30 113 100 147 40 162 192 160 64 124 66 
31 115 111 158 30 174 183 173 64 130 80 
Stand 3 
Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
May 17 11 23 0 124 119 63 118 58 3 212 
18 4 32 47 85 80 65 113 77 0 109 
19 3 20 39 120 121 64 102 1 20 116 
20 12 30 40 143 145 64 164 60 40 162 
21 40 178 37 158 154 58 108 46 47 212 
22 108 195 103 168 162 57 139 60 95 245 
24 38 158 32 169 164 44 132 60 100 121 
·I( p' Permanently-placed block 
246 
Stand 4 
Quadrats 
Date 1 2 3 4 5 6 7 8 9 p 
J ly 31 202 120 56 240 215 215 96 131 258 296 
Aug 1 91 23 13 126 78 15 71 119 199 200 
2 148 128 112 143 133 131 71 132 251 260 
3 74 28 0 126 49 0 62 110 139 87 
4 77 40 0 126 67 0 64 6 148 84 
5 77 62 0 127 40 0 71 2 162 87 
Stand 5 
Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
Jly 24 126 128 113 62 221 150 143 204 235 127 
25 121 195 133 122 257 171 214 250 273 153 
26 130 241 138 149 300 193 252 306 310 178 
27 144 270 139 162 315 199 253 323 326 188 
28 156 295 140 167 328 217 270 358 347 197 
29 175 314 141 173 336 220 282 368 358 205 
Stand 6 Quadrats 
Date 1 2 3 4 5 7 8 9 10 p 
Jun 21 128 132 72 105 128 173 144 194 105 179 
22 91 108 5 78 69 139 7 133 54 169 
23 105 119 29 85 109 162 112 161 102 172 
24 130 13 7 78 105 122 182 157 184 114 193 
25 86 108 12 26 48 149 29 76 100 161 
26 117 129 33 91 108 178 144 152 114 180 
247 
Stan Quadrats 
Date 1 2 3 4 5 6 7 8 9 p 
Apr 8 5 0 100 79 92 168 134 19 101 126 
9 66 0 107 163 138 232 161 8 135 188 
10 103 0 153 190 141 310 227 13 179 214 
11 141 52 158 230 147 418 410 70 210 236 
12 167 82 171 250 160 525 760 82 233 245 
13 168 85 161 278 141 560 1180 77 249 245 
14 190 103 170 295 161 630 1800 90 273 273 
15 196 112 190 325 221 700 WPi( 126 305 285 
17 75 4 115 120 84 157 26 13 117 112 
,"( WP, Wilting point, approximately 12,500 cm. tension. 
Stand 8 Quadrats 
Date 2 3 4 5 6 7 8 9 10 p 
Mar 26 157 133 47 53 112 1 0 100 40 64 
27 135 120 62 101 147 12 0 70 59 68 
28 179 122 60 126 132 33 0 70 59 73 
29 230 160 88 157 196 31 0 106 58 77 
30 273 186 111 175 221 85 76 131 84 79 
31 295 208 132 190 249 97 109 139 111 84 
Apr 1 153 110 76 150 180 56 0 53 68 74 
2 165 106 62 163 172 94 11 58 77 73 
7 230 142 146 168 162 30 109 83 87 74 
Stand 9 
Quadrats 
Date 1 2 3 4 5 6 7 8 9 p 
Feb 12 84 47 62 105 175 102 138 2 164 103 
13 100 25 41 41 195 82 118 0 164 180 
14 163 158 16 82 213 120 0 89 212 212 
15 157 165 16 82 207 133 122 89 180 230 
16 242 213 65 113 236 170 132 130 230 267 
17 141 111 31 56 205 104 118 47 147 175 
18 188 195 22 100 230 140 118 130 205 233 
21 90 137 53 83 177 100 157 90 186 127 
Mar 3 250 243 57 147 243 207 168 138 269 232 
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Stand 10 Quadrats 
Date 2 3 4 5 6 7 8 9 10 p 
Apr 27 68 108 112 141 0 103 96 100 82 185 
28 71 150 81 160 0 97 116 130 90 195 
29 42 130 2 43 0 69 39 10 16 117 
May 2 68 131 3 41 0 46 51 28 14 122 
3 66 141 89 152 0 19 74 39 23 188 
4 44 176 109 173 0 60 101 140 65 200 
5 27 139 87 44 33 61 51 64 27 179 
Stand 11 Quadrats 
Date 1 2 3 4 5 6 7 8 9 p 
Apr 18 68 18 31 110 30 149 109 0 65 115 
19 110 96 18 104 63 210 151 0 10 146 
21 103 98 37 101 34 210 140 0 9 138 
22 103 112 13 120 42 240 164 0 62 184 
23 101 113 29 137 14 260 159 28 79 158 
24 100 96 29 101 70 230 140 0 14 128 
26 120 140 31 145 275 191 16 71 189 
Stand 12 
Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
Jly 5 230 190 195 109 28 106 132 130 200 360 
6 234 195 202 123 32 177 138 132 211 378 
7 210 190 187 40 26 117 132 120 182 204 
8 203 180 187 78 26 115 131 120 182 238 
9 210 180 198 110 26 180 136 128 200 280 
10 219 186 200 127 27 170 138 131 220 321 
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Stand 13 Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
Jun 28 55 47 52 36 27 156 132 10 112 134 
29 58 103 93 44 86 170 179 86 77 153 
30 72 49 60 40 22 11 149 0 84 126 
Jly 1 89 108 97 74 101 117 184 22 100 149 
2 149 114 138 120 110 177 200 120 178 168 
3 75 76 54 41 49 109 180 33 110 140 
Stand 14 
Quadrats 
Date 9 10 11 12 13 14 15 16 17 p 
May 7 120 100 291 0 141 208 221 252 203 270 
8 108 105 322 0 148 209 230 260 220 285 
9 0 0 112 0 64 155 102 88 54 103 
11 0 0 96 0 52 155 112 88 29 108 
12 30 104 27 0 103 172 161 177 113 196 
13 0 20 20 0 62 110 115 100 43 120 
16 10 149 37 75 68 179 149 164 43 103 
Stand 15 
Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
Aug 28 0 4 51 60 103 69 0 16 7 136 
29 0 2 61 98 132 102 0 74 6 162 
30 106 44 94 126 150 128 0 87 112 192 
31 154 124 179 144 164 153 29 97 164 250 
Sep 1 179 145 180 151 182 164 72 108 174 290 
2 203 147 182 160 202 176 190 114 161 380 
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Stand 16 
Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
Aug 2 11 0 5 10 27 0 0 0 37 113 
21 6 0 12 53 82 65 82 0 62 128 
22 54 0 62 18 43 54 46 0 9 114 
23 44 0 58 19 55 91 59 82 3 130 
25 11 0 54 40 95 122 128 97 24 150 
27 41 0 63 26 58 93 81 116 0 123 
Stand 17 
Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
Jun 12 118 70 167 149 131 168 201 179 130 153 
13 109 123 187 197 140 152 204 172 136 169 
14 109 70 147 151 131 162 185 167 124 156 
15 106 71 151 146 130 162 171 183 129 151 
16 115 123 196 190 142 162 190 193 95 152 
17 104 70 170 193 142 160 170 150 134 150 
19 137 135 201 180 141 170 183 177 138 159 
Stand 18 
Quadrats 
Dat e 7 8 9 10 11 12 13 14 15 p 
Jun 4 0 230 44 214 81 164 28 50 1 100 
5 5 219 25 230 81 152 62 79 0 100 
6 5 219 30 211 80 170 39 102 0 108 
7 13 201 32 191 84 176 35 112 0 114 
8 44 175 73 204 89 168 45 133 25 132 
9 21 218 62 234 90 162 25 140 1 110 
10 62 184 97 240 100 171 73 141 54 162 
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APPENDIX III 
SURFACE SOIL TEMPERATURES 
MADE IN THE UPPER 5 cm. OF THE SOIL 
(OF.) 
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A. MEASUREMENTS WITH PERMANENTLY-PLACED THERMISTORS 
Stands by Numbers 
Date 1 2 3 4 5 6 7 
31/12 -1/1 69 .0 69 .0 74.0 68 . 0 68 . 0 68.0 67.0 
13-14/1 69.0 67.0 71.0 66 . 0 65. 0 65.5 68 . 0 
22 / 1 69 . 5 67 .0 71.0 67 .0 68 . 0 67 . 0 68.5 
1-2/2 71.5 67.0 74 . 5 66.0 68.0 67 . 0 67 . 0 
12-13/2 73. 0 67.0 77 .o 73. 0 74.5 67.0 75 . 0 
21-22/2 74.0 71.0 80.5 73 . 0 74. 5 72 . 0 74.0 
3/3 73.0 71. 0 74.0 75. 0 74.5 73 . 0 71.0 
12 - 14/3 78.0 77 .o 83.0 77.5 78.0 77 .5 76.5 
23/3 77 .o 77 .0 78 . 0 75 .0 74 . 5 72.0 76 . 5 
1-2/4 77 .0 77 .o 79 . 0 77.5 78 . 0 73. 0 76.5 
12/4 77 . 0 77 .o 75.0 78 . 0 73 .o 76.5 
22-23/4 80 . 0 80.0 81. 0 77 . 5 76 . 0 78 . 5 79 .5 
3/5 81.5 78 . 0 79 .5 81.5 76 .0 81. 0 
12-13/5 78.0 79.0 83 . 0 77 .5 81.5 78 . 5 76 . 5 
22/5 81. 0 79 .0 78.0 81. 0 83 . 0 78 . 5 81. 0 
3-4/6 81. 0 79 . 0 81. 0 78 . 0 79.5 76.0 79 . 5 
14-15/6 83.0 84 . 0 78.0 81. 0 81. 5 80.0 79.5 
24/6 81. 0 83.0 77 .0 78 .0 79 .5 74 .5 83.0 
3-5/7 81. 0 81.5 83.0 79 . 5 81. 5 76.0 81. 0 
14/7 81.0 79 . 0 78 .0 81. 0 83.0 76 . 0 81. 0 
24/7 81. 0 81. 5 78.5 79.5 77 .5 80.0 81. 0 
3-4/8 77 .0 81. 5 78 .0 77 .5 75 . 0 80 . 0 77 . 0 
13 - 14/8 81. 0 81.5 81. 0 79 . 5 77 . 5 76 .0 79 . 5 
23-25/8 81.0 79.0 83.0 78.0 77 . 5 76 . 0 81. 0 
2/9 86 . 0 86.5 84.0 83.0 77 .5 78 . 5 83 . 0 
11/9 83.0 83.0 84.0 81. 0 81. 0 80.0 81. 0 
22-23/9 85.0 84.0 87.0 83 . 0 79 . 5 80.0 86 . 0 
1-2/10 81. 0 84.0 86.0 83.0 81. 0 78 . 5 84 . 0 
12/10 87.0 85 . 0 87.0 81. 0 77 . 5 85 . 0 85 . 5 
22 /10 86 . 0 86 . 5 83 . 0 79.5 77 . 5 78 . 5 85 . 5 
1/11 81. 0 84 . 0 83. 0 79 . 5 77 . 5 76 . 0 81. 0 
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Stands by Numbe rs 
Dat e 8 9 10 11 12 13 14 
31/12-1 / 1 74 . 0 68 . 0 66 . 5 60 . 0 65 . 0 66 . 0 71.0 
13 - 14/ 1 69 . 0 68.0 66 . 0 68.5 63 . 5 61. 0 
22 / 1 71.0 66 . 0 66 . 5 69.0 63 . 5 66 . 0 70 . 0 
1- 2 / 2 71.0 70.0 66 . 5 70 . 0 63 . 0 61. 0 74 . 0 
12 - 13 / 2 73. 0 70 . 0 71.0 76.0 64 . 0 67 . 0 75. 0 
21 - 22 / 2 74 . 0 71. 0 71.0 74 . 0 67 . 0 68 . 0 75 . 0 
3/ 3 73 . 0 71. 0 71.0 71.5 67. 0 68 . 0 75.0 
12 - 14/ 3 78 . 0 78 . 5 75 . 0 78 . 5 69 . 0 71 . 5 79 . 0 
23/3 77 . 0 74.0 75 . 0 76 . 0 69 . 0 70 . 0 79 . 0 
1- 2 / 4 77 . 0 74 . 0 75 . 0 76.0 70 . 5 71. 0 78 . 0 
12/4 75 . 5 76 . 0 75.0 76.0 70 . 5 71.5 79 . 0 
22 - 23/4 81. 5 78 . 0 79 . 0 82 . 0 76 . 0 77 . 5 80 . 0 
3/5 80 . 0 78 . 0 79 . 0 78.5 73 . 0 74 . 0 83 . 5 
12 - 13/5 78 . 0 78 .5 75 . 0 82.0 77 . 5 74 . 0 79.0 
22/5 80.0 78.5 75 . 0 82 . 0 73 . 0 77 . 5 79 . 0 
3 - 4/6 81.5 78 . 5 79 . 0 78 . 5 73.0 73 . 0 83 . 5 
14- 15/6 78 . 0 81. 5 83 . 0 80 . 0 76 . 0 77 .5 83 . 5 
24/6 83 . 5 83 . 0 79 . 0 84 . 0 73 . 0 73 . 0 83 . 5 
3- 5/7 81.5 80 . 0 79 . 0 82 . 0 73 . 0 74 . 0 83.5 
14/7 81. 5 80 . 0 77 .5 82 . 0 73.0 74 . 0 82 . 0 
24/7 81. 5 83 . 0 79 . 0 82 . 0 75.0 76 . 0 83 . 5 
3-4/8 77 . 0 86 . 0 79 . 0 78 . 5 76.0 77 . 5 82 . 0 
13 - 14/8 81. 5 80 . 0 77 . 5 82 . 0 71.0 76 . 0 80 . 0 
23 - 25/8 83.5 78.5 79 . 0 82 . 0 76 . 0 74 . 0 82 . 0 
2/ 9 85.0 81.5 83 . 0 82 . 0 77 . 5 77 . 5 88 . 0 
11 / 9 85.0 83 . 0 79 . 0 84 . 0 73. 0 74 . 0 83 . 5 
22 - 23/9 86.0 83 . 0 84 . 0 86.0 73. 0 76.0 88 . 0 
1-2/10 86 . 0 83 . 0 81.5 85 . 0 73. 0 77 . 5 85 . 0 
12 / 10 87.0 83 . 0 84 . 0 85.0 77 . 5 77 . 5 89 . 0 
22/10 86 . 0 83. 0 81.5 85 . 0 74 . 0 77 . 5 88 . 0 
1/ 11 83 . 5 83 . 0 81. 5 84 . 0 74 . 0 
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Stands by Numbers Erosion Plots 
Date 15 16 17 18 e i j 
31/12-1/1 68. 5 69 . 5 70.0 
13 -14/ 1 70 . 0 69.5 68.0 69.0 71.0 68.0 
22 / 1 70 . 0 68.0 70 . 0 72 . 0 78 . 0 78.0 
1-2/2 70 .0 69 . 5 70 .0 70.5 75.0 75.0 
12-13/2 76 . 5 76 . 5 67 . 0 75 . 0 78 . 0 82 . 0 
21-22/2 76 . 5 74 . 0 72.0 74 . 0 79 . 5 77 . 0 
3/3 74 . 0 74.0 72 . 0 72 .o 95 . 5 78 . 0 
12-14/3 79 . 0 78. o· 77 . 0 77 .o 76 . 0 91. 0 87 . 0 
23 /3 79.0 78 . 0 74 . 5 77 .0 78 . 0 91. 0 90.0 
1-2/4 76 . 0 74.5 73 . 0 76.0 85 . 0 87.0 
12/4 79 .0 77 . 5 77 . 0 73 . 0 75.0 94 . 0 92 . 0 
22-23/4 79.0 81.5 78.5 77 . 0 78 . 0 95 . 5 93 . 0 
3/5 83 .5 81.5 80.0 73 . 0 83.0 90 . 0 
12-13/5 81. 0 80 . 0 78.5 79.5 86 . 0 98 . 0 90 . 0 
22/5 76.5 77 .5 80 . 0 83 . 5 81.5 94 . 0 90 . 0 
3-4/6 83 . 5 81.5 80 . 0 80.5 83 . 0 85 .5 93 . 0 
14-15/6 83.5 83.5 80 . 0 80.5 86 . 0 91. 0 83 . 0 
24/6 82.0 81. 5 80.0 82.5 78.0 87 . 5 87.0 
3-5/7 83 . 5 81.5 77 .o 79.5 83 . 0 85 . 5 83.5 
14/7 83 . 5 81. 5 80 . 0 82 . 5 85.0 87 . 5 92 . 0 
24/7 82.0 83.5 80.0 80 . 5 83 . 0 85 . 5 83 . 5 
3-4/8 83.5 83.5 80.0 80.5 83.0 87 . 5 81. 5 
13-14/8 79.0 80 . 0 80 . 0 79.5 85.0 85 . 5 85 . 0 
23 - 25 / 8 79 . 0 80.0 80.0 79.5 78 . 0 86.5 87 . 0 
2/9 86 . 0 89.0 80 . 0 83 . 5 88.0 85 . 0 83.5 
11/9 85 . 0 8S . 0 85.0 83 . 5 86 . 0 91. 0 87 . 0 
22-23 / 9 86 .0 89.0 84 . 0 85 . 0 90 . 0 90 . 0 85 . 0 
1-2/10 85.0 86 . 5 87 . 5 88 . 0 87.0 87.5 81.5 
12/10 86.0 98.0 82.0 83 . 5 87 . 0 86 . 5 83 . 5 
22/10 82.0 87 . 5 80.0 83.5 85 . 0 86 . 5 85 . 0 
1/11 83.5 85 . 0 82 .0 86 . 0 83 . 0 90 . 0 88 . 0 
B. MEASUREMENTS MADE WITH PERIODICALLY MOVED THERMISTORS 
255 
Stand 1 Quadrats 
Date 1 2 3 4 5 6 7 8 9 P '>'( 
Mar 9 73 .0 74 . 5 73 . 0 75 . 0 71. 0 74 . 0 73 . 0 74 . 5 73. 0 73 . 5 
10 74.0 74 . 5 71.5 75 . 0 73 . 0 74 . 0 73 . 0 74 . 5 74 . 0 73 . 0 
11 74 . 0 74 . 5 71.5 74 . 5 73 . 0 75 . 0 73 . 0 73 . 5 75 . 0 73 . 0 
12 71. 5 72 . 0 71.5 73. 0 71.0 73 . 5 73 . 0 73 . 5 73 . 0 71.5 
13 78 . 0 79 . 0 78 . 0 78 . 5 78 . 0 80.0 79 . 0 78 . 5 80 . 0 78 . 0 
14 77 . 5 79 . 0 76 . 0 78 . 5 73 . 0 78 . 0 78 . 0 76 . 0 78 . 0 77 .o 
16 77 . 5 79 . 0 76. 0 74 . 5 77 .o 78 . 0 78 . 0 78 . 0 78 . 0 78 . 0 
17 77 .5 77 .o 75. 0 74.5 73. 0 78 . 0 75 . 0 73 . 5 76 . 0 77 .0 
18 76 . 0 75 . 0 74 . 0 78.0 73 . 0 75 . 0 75 . 0 73 . 5 75 . 0 73 . 0 
22 73.0 71. 0 73 . 0 74 . 5 73 . 0 75 . 0 73.0 74 . 5 74 . 0 73.5 
Stand 2 Quadrats 
Date 1 2 3 4 5 6 8 9 12 p 
Jan 24 73. 0 71. 0 71. 0 69.5 71. 0 68 . 0 69 . 0 68 . 0 67 . 0 69 . 5 
25 73 . 0 71.0 71.0 69 . 5 70 . 0 68 . 0 69 . 0 68 . 0 66 . 5 69 . 0 
26 72 . 0 71. 0 71.0 72 .o 71.0 70 . 0 69 . 0 69.0 67 . 0 69 . 0 
27 68.5 68.5 67 . 5 69 . 5 68 . 5 68 . 0 68 . 0 68.0 66 . 5 64 . 0 
28 69 . 0 68 . 0 67 . 0 69 . 5 68.5 70 . 0 68 . 0 68 . 0 67 . 0 67 . 0 
29 72 .o 71. 0 71. 0 72 . 0 71.0 70 . 0 70 . 0 69 . 0 67 . 0 69 . 0 
30 72 .o 71. 0 69 . 0 72 .o 71.5 71.5 70 . 0 69 . 0 68 . 0 69 . 5 
31 72 . 0 71 . 0 70 . 5 72 . 0 71.0 70 . 0 69 . 0 69 . 0 67 . 0 69 . 0 
Stand 3 Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
May 17 79 . 0 79 . 0 80 . 0 77 .o 77 . 0 78 . 5 78 . 5 80 . 0 77 . 5 78 . 0 
18 80 . 0 79 . 0 80 . 0 77 .0 77 . 0 79 . 0 79 . 5 80 . 0 78 . 5 78 . 0 
19 82.5 81. 5 82 . 5 81. 0 80 . 0 83 . 0 82.0 82 . 0 82 . 0 81. 0 
20 80 . 0 78 . 0 80 . 0 78.0 77 .o 80 . 0 82 . 0 80 . 0 80 . 0 79.0 
21 82 . 5 81.5 82.5 81. 0 80 . 0 81.5 82 . 5 80 . 0 82 . 0 81.0 
22 82 . 0 80 . 0 82 . 0 81. 0 77 .o 80.0 82 . 0 80 . 0 80 . 0 78 . 0 
24 80 . 0 78 . 0 80 . 0 79.0 77 .0 80 . 0 82 .0 80 . 0 82 . 0 78 . 0 
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Stand 4 Quadrats 
Date 1 2 3 4 5 6 7 8 9 p 
Jul 31 79.0 80.0 82.0 81.5 82 . 0 83.5 82 . 0 82 . 0 79 . 0 77 . 5 
Aug 1 79 . 0 78 .0 77 .5 78.0 82 .0 83.5 82.0 80 . 0 79.0 76.0 
2 79 .0 78 .0 77 .5 80 .0 82 . 0 80 .0 80 . 5 78 . 5 76 . 0 76 . 0 
3 76 .0 77 .5 77 . 5 78 . 0 77 . 5 80 .0 78.0 78 . 5 78.0 76.0 
4 76 . 0 77 .5 77 . 5 78.0 80 . 5 80.0 82 . 0 78.5 79 . 0 76.0 
5 75.5 76.0 76 .0 74.0 77 . 5 77 .5 76 .0 75 . 0 74.0 73 . 0 
Stand 5 Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
Jul 24 77 .5 80 . 0 82.0 77 .o 78 . 5 78 . 5 77 . 5 78 . 5 77 . 0 77. 0 
25 77 .5 78.0 77 .5 76 . 5 76.5 77 . 5 77 . 5 78 . 5 77 .o 76.0 
26 77 . 5 77 .5 77 .5 76.5 75 . 0 76.0 77 . 5 78 . 5 76 . 0 74 . 0 
27 77 . 5 82 . 0 78 . 5 80 . 0 80 . 0 80.0 78 . 5 80.0 78 . 0 77 . 0 
28 77 . 5 82.0 78.5 80 . 0 80 . 0 78 . 5 78.5 80.0 78 . 0 77 .o 
29 78 . 0 82 . 0 82 . 0 81. 0 80 . 0 79 . 5 82 . 0 80.0 78 . 0 77. 0 
Stand 6 Quadrats 
Date 1 2 3 4 5 7 8 9 10 p 
Jun 21 77 . 5 75. 0 76.0 78 . 5 74 .0 77 . 5 78.5 77 .o 75.0 75. 0 
22 77 .5 77 .o 77 .5 78.5 74 . 0 77 .5 78.5 77 .0 78.0 75 . 0 
23 76 .0 73.0 74.0 77 . 5 73. 0 76 .0 75.5 74 . 0 75.0 73 . 0 
24 77 .5 75 . 0 76 . 0 78 . 5 74.0 76.0 75.5 74 . 0 75 . 0 74 . 5 
25 78.5 77 .0 77 . 5 78.5 74 . 0 77.5 77 . 0 77 . 0 78 . 0 75 . 0 
26 78.5 77.0 76 .0 78.5 77 . 0 78 . 5 78.5 77 .o 75 . 0 77. 0 
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Stand 7 Quadrats 
Date 1 2 3 4 5 6 7 8 9 p 
Apr 8 79 .0 79 . 5 76.0 79 . 0 77 .5 78.0 80 . 0 78.5 75.5 77 . 0 
9 79 .0 79 . 0 76 . 0 79 . 0 79 . 0 78 . 0 82 . 0 80.5 77 .o 77 .o 
10 81. 0 82.0 78 . 0 80 . 5 79 . 0 78 .0 82 . 0 80.5 77 . 0 78 . 0 
11 81. 0 79.5 78 .0 79 . 0 79 . 0 78 . 0 82 .0 80 . 5 79 . 0 77 . 0 
12 76 . 5 77 . 5 75 . 0 77 . 5 77 . 5 75 . 5 77 . 5 78 . 5 75 . 0 77 . 0 
13 79 .0 79.0 76 . 0 79.0 77 . 5 78.0 80.0 80 . 5 77.0 77 .o 
14 79 . 0 79.0 76 . 0 80.5 79 . 0 78 . 0 82 . 0 81.5 79.0 78 . 0 
15 81. 0 79 . 5 78 . 0 79.0 79.0 81.5 82.0 83.0 79 . 0 79.0 
17 78.0 79 . 5 78.0 79 . 0 77 . 5 78 . 0 80.0 78 .5 73 . 5 74.0 
Stand 8 Quadrats 
Date 2 3 4 5 6 7 8 9 p 
Mar 26 78 . 0 73. 0 78.0 77 . 5 79.0 77.5 75 . 0 77 .0 78 . 0 
27 78 . 0 75.5 78 . 5 80 . 0 75 . 0 73. 0 75 . 0 75 . 5 79 . 5 
28 74 .0 72. 0 75.0 73.5 74 .5 73 . 0 74 . 0 73. 0 73 . 0 
29 73. 0 73.0 75.0 76.0 75 . 0 73. 5 75.0 77 .0 73 . 0 
30 74 . 0 72.0 75 . 0 73 . 5 72 . 0 72 . 0 71.5 73 . 0 73 . 0 
31 74 . 0 72 .o 75.0 73 . 5 74 . 5 73 . 0 74 . 0 73 . 0 73 . 0 
Apr 1 78 . 0 77 .o 79 . 0 78.0 79.0 77 . 5 76 . 0 76 . 5 79 .5 
2 75 . 0 75 . 0 78 . 0 77 . 5 75 . 0 76.0 75 . 0 75 . 5 78 . 0 
7 73 . 0 73 . 0 75 . 0 77 . 5 75.0 76 . 0 75.0 75.5 75 . 0 
Stand 9 
Quadrats 
Date 1 2 3 4 5 6 7 8 9 p 
Feb 12 72 . 0 70 . 0 71.0 72 . 0 71.5 71.5 70 . 0 70 . 0 69 . 0 70 . 0 
13 75.0 74 . 5 71.0 73 . 5 73 . 5 71.5 70 . 0 70 . 0 70 . 5 73 . 5 
14 75.0 76 . 5 74.5 75 . 0 77 . 5 75.0 73 . 0 71.5 73 . 0 73 . 5 
15 75.0 74.5 74 . 5 75 . 0 75.0 73 . 0 71.5 71.5 72 . 0 74 . 0 
16 75.0 74 . 5 73 . 0 75 .0 75 . 0 73 . 0 71.5 71.5 72. 0 73.5 
17 75 .0 74 . 5 73 . 0 75 . 0 75 . 0 73. 0 70 .0 71.5 70.5 71. 0 
18 71 . 5 73 . 0 71 . 0 73 . 5 71.5 71.0 70 . 0 70 . 0 69.0 70 . 0 
21 75.0 74.5 73 . 0 75 . 0 75 . 0 75 . 0 73 . 0 74 . 0 73 . 0 71. 0 
Mar 3 73 . 0 73 . 0 71. 0 73 . 5 71 .5 71.0 70 . 0 70 .0 69 . 0 71.0 
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Stand 10 Quadrats 
Date 2 3 4 5 6 7 8 9 10 p 
Apr 27 78 . 5 78 .0 79 . 5 80.5 78.5 75 . 0 79 . 0 80.0 78.0 75 . 0 
28 82 . 0 78.0 79 . 0 83. 0 79 . 5 80.0 80 . 5 80 . 0 78 . 0 75.0 
29 78 . 5 76 . 0 79.5 80 . 5 78 .0 79 . 0 79 . 0 80.0 78.0 79 .0 
May 2 77 . 5 75 .0 79 . 0 79.0 78 . 0 77 .o 79 . 0 77 . 5 76 . 0 75.0 
3 82.5 80.0 82.5 83 . 0 79 . 5 80.0 81. 5 82.0 76 . 0 79 . 0 
4 82 . 0 80 . 0 82 .0 83 . 0 79 . 5 80 . 0 80 .5 80.0 81. 0 79 . 0 
5 77 .5 76 . 0 79.0 80 . 5 78 . 0 79 . 0 79.0 80.0 81. 0 79.0 
Stand 11 Quadrats 
Dat e 1 2 3 4 5 6 7 8 9 p 
Apr 18 75.5 77 .5 79 . 0 76.0 77 . 5 78.0 77 . 0 78 . 0 80.5 77.5 
19 81.0 79 . 5 80.5 79.5 80.0 78 . 5 79. 0 78.0 80.5 80.0 
21 79 . 0 82 . 0 80.5 79 . 5 80 . 0 78 . 0 79.0 78 . 0 80.5 80.0 
22 81.0 82 . 0 81.5 79.5 82.0 78.5 80.0 82.0 81.5 82 . 0 
23 76.0 77.5 79.0 76 . 0 80 . 0 78.0 77 .o 77 .5 80 . 5 77 . 5 
24 76.0 77 .5 79.0 76.0 78.5 78.0 75.0 77 . 5 79.0 77 .5 
26 79.0 79 . 5 80 . 5 78 . 0 78.5 77 .o 78.0 79.0 78 . 5 
Stand 12 
Qua dr a ts 
Date 7 8 9 10 11 12 13 14 15 p 
Jul 5 73.0 75 . 0 76.0 71.5 74 . 0 73.0 74 . 0 75 . 0 76 . 0 73.0 
6 73.0 74 . 0 74.0 71.5 74 . 0 73. 0 74.0 75.0 77 . 5 73 . 0 
7 71.5 73.0 74 . 0 71. 5 74 . 0 71.5 74.0 74.0 76.0 73 . 0 
8 72.0 75.5 75.0 72. 0 74 . 0 74 . 0 76. 0 74 . 0 76.0 73. 0 
9 72.0 75.5 76.0 74.0 76.0 75.0 76 . 0 76.0 77 .5 74.0 
10 76 . 0 77 . 0 77 . 0 73 . 0 77 . 0 75 . 0 77 .o 76.0 78 .0 74 . 0 
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Quadrats Stand 13 
Date 7 8 9 10 11 12 13 14 15 p 
Jun 28 77 . 5 76.0 74 . 5 76.0 73 . 0 75 . 5 77 .5 75 . 0 75.5 74.5 
29 77 . 5 76 .0 74.5 76.0 74.5 77 .5 77 .5 75 . 0 77 .o 76.0 
30 77 .5 76 .0 75.5 76.0 74 . 5 77 . 5 77 .5 75.0 75.5 76.0 
Jul 1 80 .0 76.0 75 . 5 77 . 5 74 . 5 78 . 5 77 . 5 77 . 0 75 . 5 76.0 
2 77 .5 76.0 75 . 5 76 . 0 73 . 0 75.5 76.0 75.0 75 . 5 74.5 
3 77 .5 75.0 74 . 0 76 . 0 72 . 0 75 . 0 76 .0 75 . 0 73 . 0 74 . 5 
Quadrats Stand 14 
Date 9 10 11 12 13 14 15 16 17 p 
May 7 82.0 80 . 0 83.5 81. 5 81. 0 82 . 0 83 . 0 84 . 0 83 . 5 
8 80 . 0 80 . 0 83 . 5 81. 0 81. 0 82 . 0 82.5 84 . 0 82.0 
9 80 . 0 80.0 81. 5 81. 0 81. 0 82 . 0 81.5 84.0 82.0 
11 80 .0 80 . 0 83.0 81. 5 81. 5 82 . 0 82 . 5 84 . 0 83 . 5 
12 77 .5 75 . 0 78 . 5 77. 0 77 . O 78.5 78 . 5 80 . 0 79.0 
13 77 . 5 78.0 80.0 77 .0 78.0 76.0 76.0 77 .5 76 . 0 
16 75.0 74.5 78.0 76 . 0 77 . 0 76 . 0 76.0 77 . 5 76 . 0 
Stand 15 Quadrats 
Dat e 7 8 9 10 11 12 13 14 15 p 
Aug 28 83.0 82 . 0 83 . 5 82.0 82.0 81.5 81. 0 83 . 5 82 . 0 
29 83 .0 82.0 83 . 5 82 . 0 82 . 0 81. 5 81. 0 82 . 0 80.0 
30 82.0 82.0 83.5 84 . 0 82 . 0 81.5 81. 0 83 . 5 78 . 5 
31 83.0 84.0 85.0 82.0 83.5 81.5 84 . 0 83 . 5 82.0 
Sep 1 82.0 82 . 0 83 . 5 82 .0 83 . 5 81.5 81. 0 83 .5 82 . 0 
2 85 .0 85.0 86 .0 85.0 87 . 5 86 . 0 89.0 88 . 5 86 .0 
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Quadrats Stand 16 
Dat e 7 8 9 10 11 12 13 14 15 p 
Aug 20 78.5 80 . 0 82.0 81. 0 83 . 0 80 . 0 82 . 0 79 . 0 79 . 0 77 . 5 
21 78 . 5 77 . 0 78.0 77 . 5 78 . 5 77 . 5 78 . 0 75 . 0 79 . 0 79.0 
22 78 . 5 77 .o 80 . 0 79 . 0 78 . 5 77 . 5 80 . 0 79.0 75 . 0 
23 77 . 5 77 . 0 78 . 0 77 . 5 78 . 5 77 . 5 77 . 5 78 . 0 77 . 5 
25 79 . 0 78 . 0 82 . 0 79 . 0 78 . 5 77 .5 80 . 0 79 . 0 77. 5 
27 82 . 0 80 . 0 82.0 81. 0 83 . 0 80 . 0 82 .0 81. 0 79 . 0 
Quadrats Stand 17 
Dat e 7 8 9 10 11 12 13 14 15 p 
Jun 12 78 . 0 77 . 5 77 .o 77 .5 76 . 0 78 . 5 77 . 5 75 . 0 77 . 5 80.0 
13 79 . 0 79.0 77 .o 80.0 77 .o 81.5 82 . 5 80 . 0 82.5 78 . 5 
14 81. 0 80 . 0 79.5 82 . 0 78 . 5 80 . 0 82 . 5 80 . 0 82.5 80 . 0 
15 81. 0 81. 5 79 . 5 82 . 0 82 . 0 83.5 82 . 5 80.0 82 . 5 80 . 0 
16 81. 0 81. 5 79 . 5 82.0 77 .0 83 . 5 82 . 5 80 . 0 80 . 0 78 . 5 
17 78.0 79.0 77 . 0 80 . 0 77 . 0 81.5 82 . 5 80 . 0 82 . 5 80 . 0 
19 84 . 0 83.5 82 . 0 82.0 82 . 0 83.5 86 . 5 82 . 5 84.0 83 . 0 
Stand 18 Quadrats 
Date 7 8 9 10 11 12 13 14 15 p 
Jun 3 80.0 80.0 80 . 0 83 . 5 73. 0 73. 0 89 . 0 72 . 0 71 . 5 80 . 5 
4 78 . 5 80 . 0 77. 0 81.5 82 . 5 82 . 0 80.0 79.5 81. 0 79.0 
5 78 . 5 80.0 80.0 83 . 0 84.0 82 . 0 84 . 0 82.0 81. 0 80.5 
6 78.5 82.0 80 . 0 83.0 84.0 82.0 84.0 82 . 0 81. 0 82 . 0 
7 78.5 80 . 0 77 .o 83 . 0 84 . 0 82 . 0 84.0 78 . 0 81. 0 80 . 5 
8 80 . 0 84 . 0 80 . 0 77 .5 80 . 0 76 . 0 77 . 5 75.5 77 . 5 82 . 0 
9 74 . 0 78.0 74.5 78 . 5 82 . 0 77 . 5 79 . 0 77 . 0 77 .5 75 . 0 
10 77 .5 80 . 0 77 . 0 81. 5 82 . 5 79 . 0 81.5 78 . 0 79.0 79 . 0 
* P , Pe rmanently- placed block. 
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APPENDIX IV 
SOIL PROFILE ANALYSES 
A. TAGURANO PROFILE 262 
Textural Analysis 
% of dry soil < 2 mm 
Horizon > 2 mm in % 2 mm -of dry soil 200 u 50 u - 20 u 200 
- 50 u 20 u <2 u u 
- 2 u 
0- 5 cm . 3 . 4 30 . 0 20 . 4 36 . 9 8.7 4 . 0 
5- 20 cm . < 1.0 9 . 1 20.7 52 . 1 12 . 7 5.4 
20-50 cm . < 1.0 4 . 6 7 . 3 49.5 23 . 6 15 . 0 
50- 80 cm . < 1.0 9.0 8.5 36 . 1 31.1 15 . 3 
80-110 cm . 7.1 24 . 1 11 . 9 38 . 8 18 . 4 6 . 8 
Chemical Analysis 
CEC (meq % Base Horizon pH (H20) pH (KCl) % C % N C/N /100 gm) Saturation 
0 - 5 cm . 5 . 4 4.6 8 . 48 1.20 7 . 1 44.55 14 . 99 
5- 20 cm . 4.9 4.1 2.56 0.47 5.5 44.58 3 . 30 
20-50 cm. 5 . 0 3 . 8 1.11 0 . 16 6 . 9 36. 65 2 . 81 
50- 80 cm . 5 . 2 3.8 0.39 0.06 6.5 33 . 92 4.33 
80- 110 cm. 5 . 8 3.9 0.20 0.02 10.0 30 . 56 13 . 02 
P205 Exchangeable cations (meq/100 gm) 
Horizon (ppm) Ca Mg K Na 
0-5 cm . 50 4 . 89 1.22 0 . 47 0 . 10 
5-20 cm. Tr 1.11 0 . 08 0.23 0 . 05 
20-50 cm. Tr 0 . 88 Tr 0.11 0 . 04 
50-80 cm. Tr 1. 23 0 . 03 0 . 11 0 . 10 
80-110 cm. 80 2 . 90 0 . 66 0.23 0 . 19 
B. GUMATE PROFILE 263 
Textural Analysis 
% of dry soil < 2 nun Horizon > 2 mm in % 2 mm - 200 of dry soil u 50 u - 20 u 200 50 u 20 u < 2 u u -
- 2 u 
0-5 cm . 6.7 26 . 1 22 . 0 42.3 1. 4 8.2 
5- 20 cm . < 1.0 26 . 9 24 . 0 36 . 7 7 . 0 5 . 4 
20 - 50 cm . < 1.0 7. 3 45 . 6 36 . 5 2.7 7.9 
50-80 cm . < 1.0 
· 35.2 14 . 3 25 . 5 8.4 16 . 6 
80-110 cm . < 1.0 28 . 9 21. 7 27 . 0 9.9 12 . 5 
110-140 cm . < 1.0 28.5 12 .4 31.3 8 . 4 19 . 4 
Chemical Analysis 
CEC (meq/ % Base Horizon pH (H20) pH (KCl) % C % N C/N 100 gm) Sat uration 
0-5 cm. 4.6 3 . 9 3 . 22 1. 29 2 . 5 62 . 08 2 . 71 
5- 20 cm . 4 . 6 4 . 4 3.14 0 . 68 4.6 54 . 57 1. 72 
20-50 cm . 5 . 1 4.8 1. 91 0 . 20 9 . 6 26.06 2 . 23 
50- 80 cm . 5 . 2 4 . 9 0 . 62 0 . 13 4 . 8 30 . 34 1. 75 
80- 110 cm. 5.2 4.8 0 . 97 0.26 3.7 37 . 42 1.50 
110-140 cm . 5 . 3 5 . 0 0 . 66 0 . 10 6.6 37 . 53 2 . 03 
P205 Exchange able Cations (meq/100 gm) 
Horizon (ppm) Ca Mg K Na 
0-5 cm . 40 1. 23 Tr 0 . 40 0 .05 
5-20 cm. 140 0 . 67 Tr 0 . 23 0 . 04 
20 - 50 cm . 90 0 . 43 Tr 0.05 0 . 10 
50- 80 cm . 44 0.44 Tr 0 . 09 Tr 
80-110 cm. 40 0 . 45 Tr 0.06 0.05 
110-140 cm . 30 0.66 Tr 0.06 0 . 04 
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APPENDIX V 
METHODS USED IN SOIL ANALYSES 
Texture 
Dispersion with a mixture of sodium pyrophosphate and sodium 
carbonate . Determination of the 0-2 and 2-20 mu . fractions by the 
pipet method and the 2 mm.-200 mu . and 200-50 mu . fractions by 
seiving. The 50- 20 mu . fraction calculated as a residual . 
% C (Walkley and Black) 
Soil oxidized with a mixt ure of H2so4 and K2cr2o7
. Equivalent of 
dichromate used for the oxidation determined by back-titrating the 
excess with ferro sulphate and presented as% C. 
% N (Kjeldahl) 
Soil destroyed with H2so4 , using selenium as a catalyser . The 
ammonium sulphate formed converted into ammonia with NaOH . The 
ammonia distilled into boric acid and N determined by titrating with 
HCl. 
pH - H2o and KCl 
Soil shaken with H2o or 1 n. KCl, using a soil-solution ratio of 
1:2.5. pH of the solution determined with a glass electrode. 
Cation Exchange Capacity 
Soil saturated with Na-acetate, any excess being washed out with 
alcohol. Subsequently , sample leached with NH
4
-acetate and the 
exchanged sodium determined flamephotometrically. 
P-Truog 
Soil, in a soil-solution ratio of 1 : 200, shaken with 0 . 002 normal 
H2so4 buffered at pH 3 with ammonium sulphate . Phosphorous in the 
extract determined by the molybdenium-blue method using SnC1
2 
as a 
reducing agent . Results presented as ppm . P2o5 . 
Exchangeable Bases (Cations) 
Watersoluble salts leached from the soil wi t h an alcohol -water 
mixture . Subsequently, the exchangeable bases leached with ammonium 
acetate/ alcohol . Ca, Kand Na in the leachate determined 
flamep hotometrically and Mg colorimetrically using the Thyazol-yellow 
method . 
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APPENDIX VI 
MICRO-ENVIRONMENTAL CONDITIONS OF SAMPLED STANDS 
Quadrats by Numbers 
Stands 1 2 3 4 5 6 7 8 9 10 11 12 
1 
- 27.9 - 13 . 2 - 8 . 3 
- 21. 9 - 23.9 7 . 8 -
2 
- 28.4 - 29.4 - 1. 6 - 33 . 3 - 17 . 41 - -
3 
- - - - - - 8.3 14.4 7 . 3 - - 8.6 
4 
- 7.46 - 13 . 9 - 12 . 5 - 4 .3 - 13 . 0 
- 12 . 1 
5 
- - - - - - 9 . 7 - 7.2 - 5 . 4 -
6 15 . 2 - 6 . 6 
- 16 . 4 - 15 .9 - 2.6 - 9 . 0 -
7 20. 5 
- 28.6 - 31. 0 
- 48.6 - 14.2 - 5.9 -
8 
- 6 . 0 
- 5 . 3 - 2 . 1 - 7.2 - 6.9 - 7 .4 
9 14 . 9 
- 33 . 4 - 14.7 - 7.6 - 8.0 - 10.4 -
10 
- 27 . 8 
- 14.9 - 19.5 
- 13.9 - 8.9 - 6.0 
11 
- 3.7 - 7.8 - 4.9 
- 3.9 - 6 . 8 - 6.6 
12 
- - - - - - 5 . 0 - 3.5 - 1.4 -
13 
- - - - - - 4 . 9 - 3 . 3 - 3.3 -
14 -
- - - - - - - 12 . 4 - 8 . 5 -
15 
- - - - - - 1.3 - 19.4 - 16.1 -
16 
- - - - - - - 26.1 - 6 . 8 - 9.8 
17 
- - - - - - 17 . 9 
- 6.2 - 19.9 -
18 
- - - - - - - 9 . 4 9.2 - 15.1 -
13 14 15 16 17 
-
- - - -
- - - - -
- 14 . 3 - 19 . 0 -
- - - - -
2 . 8 - 1. 9 - 2 . 0 
- - - - -
-
- - - -
- - - - -
- - - - -
- - - - -
- - - - -
5.7 - 3.4 - 4.5 
0 . 7 - 1. 5 - 1.3 
5 . 9 - 9.1 - 10 .6 
14 . 5 - 12.0 
- 7.5 
- 5 . 8 - 9.0 -
23 . 8 - 22.3 - -
11. l 7.6 - 7.9 -
18 19 20 
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
-
- -
- - -
3 . 6 - -
- - -
10 . 3 - -
23 . 8 - -
- - -
21 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Mean 
17.16 
20 . 72 
11 . 99 
10.54 
4.84 
10.94 
24.81 
5 . 82 
14 . 84 
15.17 
5. 63 
3.94 
2 . 49 
8 . 34 
11. 78 
11 . 30 
18. 95 
10.03 
:x> 
~ 
H 
~ 
:x> 
t""' 
~ 
tj 
H 
~ 
H 
0 
z 
N 
0\ 
--..J 
Quadrats by Numbers 
Stands 1 2 3 4 5 6 7 8 9 10 
1 
- 36 . 9 - 1. 2 - 16.1 - 38.7 - Tr 
2 - 34 . 8 - 78 . 6 - Tr - 105 . 9 - 62 . 8 
3 - - - - - - Tr 39.1 Tr -
4 - Tr - Tr - 34.8 - Tr - 5.7 
5 - - - - - - Tr - 4 . 0 -
6 . Tr - Tr - 5.6 - 39 . 1 - Tr -
7 54 . 7 - 158.5 - 66.9 - 170.4 - Tr -
8 - Tr - Tr - 17 .1 - Tr - 19 . 9 
9 48 . 8 
- 301.1 - Tr - 6.1 - 5.4 -
10 - 64 . 3 - Tr - 12.2 - 25.2 - 9 . 3 
11 - Tr - 17 . 2 - 8 . 6 - 4 . 7 - 14.6 
12 - - - - - - 9.8 - Tr -
13 - - - - - - Tr - Tr -
14 - - - - - - - - 2.2 -
15 - - - - - - 2.3 - 55 . 2 -
16 - - - - - - - Tr - 11.1 
17 
- - - - - - 11 . 1 - 2.9 -
18 
- - - - - - - 3 . 9 0.9 -
11 12 13 14 15 16 17 
Tr - - - - - -
- 197.5 - - - - -
- 6 . 0 - 3.9 - 35.8 -
- 31. 0 - - - - -
Tr - Tr - Tr - Tr 
3.2 - - - - - -
8.4 - - - - - -
- 2.2 - - - - -
30 . 0 - - - - - -
- Tr - - - - -
- 4.4 - - - - -
Tr - 11 . 0 - Tr - 0.3 
Tr - 3 . 2 - 7 . 0 - Tr 
Tr - Tr - 26.9 - 80.1 
59 . 3 - 81.1 - Tr - Tr 
- 28.1 - Tr - 7 . 5 -
63 .0 - Tr - 40 . 0 - -
7 .4 - 7 . 6 Tr - Tr -
18 19 20 
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
Tr - -
- - -
16 . 5 - -
Tr - -
- - -
21 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Mean 
15 . 35 
79.93 
13 . 62 
11. 91 
0 . 67 
7.98 
76.46 
6 . 52 
65 . 23 
18 . 08 
8.27 
5.35 
1. 70 
18 . 20 
32. 96 
10 . 35 
19.50 
3 . 29 
t::d 
~ 
t::d 
~ 
~ 
t:I 
H 
~ 
H 
0 
z 
N 
O"I 
ex, 
Stands Quadrats : 
1 2 3 4 5 6 7 8 9 10 11 12 
1 - 2 . 9 - 9.2 - Tr - 24.6 - 49 . 9 8 . 4 -
2 - 9 . 2 
- 18 . 3 - 20 . 4 - 2 . 5 - Tr 
- Tr 
3 - -
- - - - 16.0 Tr 12.5 - - 8 . 5 
4 - - - - - Tr - 16.7 - 12 .4 
- -
5 - - - - - - 16 . 2 - 4.4 - 7.7 -
6 16 . 7 
- 10.1 
- 14.5 - 5 . 0 - 7.6 - 12 . 3 -
7 16 . 0 
- Tr 
- 30.4 - 23 . 2 
- 10 . 4 - 19 . 1 -
8 
- 20 . 7 
- 13 . 9 - 0.8 
- 35 . 1 - Tr 
- Tr 
9 Tr 
- Tr 
- 22 .3 
- 11.5 - 15 .0 - 6 . 4 -
10 
- 6.3 - 4.9 
- 0 . 9 - 19 . 0 - 12.8 - 18.8 
11 
- 7 . 9 
- 0.2 
- 1.3 - 0 . 8 - 3 . 4 - 7 . 2 
12 
- - - - - - 0 . 3 - 3 . 1 - 4 . 8 -
13 - - - -
- - 20. 4 
- 16 . 2 - 10 . 2 -
14 - - - - - - - - 11.8 - 26 . 5 
-
15 
- - - - -
- 3 . 4 - Tr 
- Tr -
16 
- - - - - - - 49.1 - Tr 
- 26 .0 
17 -
- - - - - 15.8 
- 1.4 - 21.4 -
18 
- - - - - - - 4 . 4 25 . 7 
- 28 . 0 -
13 14 15 16 17 
- - - - -
- - - - -
- 12 . 2 - Tr -
- - - - -
5.1 - 8.6 - 14.2 
- - - - -
- - - . - -
- - - - -
- - - - -
- - - - -
- - - - -
2 . 9 
- 18 . 7 - Tr 
Tr 
- Tr - 3.8 
16 . 7 
- 5 . 4 - 1.3 
4 . 6 - 40.0 - 6 . 7 
- 7 .3 - 13.3 -
42.3 - Tr - -
Tr 0 . 5 - Tr -
18 19 20 
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
8 . 1 - -
- - -
9.7 - -
30 . 4 - -
- - -
21 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Mean 
15.84 
8 . 40 
8.20 
9 . 71 
9 . 35 
11.02 
16 .5 0 
11. 75 
9 . 20 
10.46 
3.46 
4 . 95 
8 . 43 
j 11 . 62 
9 . 13 
17.56 
18 . 54 
9 . 75 
n 
~ 
~ 
J:%j 
z 
~ 
t; 
H 
~ 
H 
0 
z 
N 
C' 
"° 
Stands I Quadrats I Mean 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
1 - 32 . 6 - 16 .0 
- 11.4 - 19.3 - 27 . 6 8 . 6 - - - - - - - - - - 19 . 26 
2 
- 34.6 
- 25 . 6 - 5 . 6 - 36 . 1 - 20 . 3 - 10.8 - - - - - - - - - 13 .33 
3 - - - - - - 7 . 9 19 . 5 13 . 6 
- - 9 .0 - 16.7 - 22 . 9 - - - - - 14 . 99 
4 - - - - - 14.8 - 7 . 4 - 15 . 0 
- - - - - - - - - - - 12 .39 
5 - - - - - - 10.4 
- 8 . 8 - 6 . 4 - 4.3 
- 1. 9 - - - - - - 5. 55 I t:i 6 21.3 - 11.2 
- 19 . 1 - 15 . 6 
- 7 .4 - 9 . 7 
- - - - - - - - - - 14 . 04 
~ 7 27.9 - 28 . 4 - 27.9 
- 43.9 
- 20.2 - - - -
- - - - - - - - 26 . 90 ~ 8 
- 4.9 
- 6.8 
- 1.0 9 . 7 - 10.7 - 12.3 
- - - - - - - 7 . 57 t:1 - - -
9 15 . 8 
- 19 . 9 
- 21.1 7 . 0 6 . 3 - 9.9 
- - - - - - - 13.33 ~ - - - - - t:1 
H 10 
- 23 . 8 - 18 . 2 
- 25 . 0 
- 15 . 1 - 7. 7 - 5 . 9 
- - - - - - - - - 15 . 92 ~ 
H 11 
- 8 . 4 
- 6 .3 - 4 . 7 
- 4 . 6 - 6 . 3 - 6 . 8 
- - - - - - - - - 6 . 20 ~ 12 
- - - - - - 5 .6 - 5 . 0 - 2 . 3 
- 5 . 4 - 3 .8 - 7 . 6 - - - - 4 . 97 
13 - - - - - - 3.3 - 1. 6 - 4 . 1 
- 2 .7 - 0.4 - 2 . 4 - - - - 2 . 43 
14 
- - - - - - - - 13.6 - 8 . 2 
- 6 . 3 - 8 . 3 - 5.6 4.0 - - - 7 . 66 
15 
- - - - - - 0 . 6 
- 15.8 - 12.8 
- 6.0 - 9.1 - 10 . 2 
- - - - 9 . 07 
16 
- - - - - - - 40 . 0 - 9 . 1 
- 2 . 8 - 7 . 2 - 8 . 1 
- 9 . 4 - - - 12 . 76 
17 
- -
- - - - 19 . 8 - 8.2 
- 14 . 5 - 28 . 8 - 24 . 7 - - 22 . 3 - - - 19.70 
18 - -
- - - - 12 .0 8 . 4 - 13.6 - 15 . 0 7.5 - 13 . 02 
- - - - - 11.57 
__J 
I 
N 
-....J 
0 i 
1~ 
Ii! 
Stands I Quadrats 
1 2 3 4 5 6 7 8 9 10 11 12 13 
1 - 1. 7 3 . 5 2.9 - 3.3 - +o. 9 - 0 . 7 
- - -
2 4.0 2.1 1.8 5.8 - 0.8 - 1.3 - +2.5 - 5 . 9 -
3 - - - - - - 7.1 6 . 4 5 . 3 - - 5 . 1 -
4 - 5 . 1 - 3.2 - 6.5 - 4.6 - 4.6 - 3.6 -
5 - - - - - - 3 . 4 - 5.4 - 6.7 - 4.6 
6 6 . 0 
- 6 . 1 - 5.0 - 5 . 7 - 8.0 - 5 . 8 - -
7 2.6 
- 1. 9 - 9.2 3 . 5 1.0 
- 5.7 6 . 4 6.8 - -
8 - 2.0 4.5 7.5 4 . 8 6.8 6 . 2 2.3 - - - - -
9 5.2 
- 2 . 6 - 4.5 - 7 . 5 
- 7 . 1 - 4.4 
- -
10 
- 5 . 3 
- 6 . 9 - 4.5 
- 7 . 9 - 6 . 9 8.8 
- -
11 
- 3.2 
- 3.4 - 5.9 6.3 - 5.6 6 . 2 -
- -
12 
- - - - 7.6 7 . 1 7.7 4.8 - - - - -
13 
- - -
- - - 10 . 2 7.2 6.2 6 . 0 - - -
14 - - - - - - - - 5.8 
- 5 . 5 - 7.8 
15 - - - - - - 3.6 2 .3 3 . 7 2.9 - - -
16 
- - - - - - - 1. 7 
- 0.9 - 3 . 8 
-
17 
- - - - - - 2 .3 - 5 . 9 - 3 . 5 
- 4 . 1 
18 - - - -
- - - 3 . 3 3 . 2 
- 4. 7 - 2 .6 
1~ 
14 15 16 17 18 
- - - - -
- - - - -
5.7 - 4.6 - -
- - - - -
- 7 . 5 - 4 . 5 -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- 5.1 - 7 . 1 -
- 7.0 - 8.1 -
- 4 . 5 - 7 . 3 8.1 
- 5 . 5 - 8.1 -
3 . 7 - 4.3 - 1.0 
- 2 . 4 3.1 - -
6 . 5 - 5.1 - -
19 20 21 
- - -
-
- -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
I Mean 
,-.. 
::i,. tI'j 
I-' 
I-' 
1. 92 < t:::1 
Pl ::i,. 
2.40 I-' H C ~ (1) 
5 . 70 (/) 
Pl ~ 4.60 11 (1) H 
5.35 ::J ~ (1) 
OQ 
6 . 08 Pl t-3 rT tI'j 
I-'• ij 4. 64 < (1) tI'j 
:::0 
4.87 C ~ ::J 
I-' c::: 
5 . 22 (1) ~ (/) 
(/) 
6 . 72 t:::1 3 tI'j 
Pl '1::1 
5.10 11 ~ :,;-
(1) C/) 
6 . 57 0.. C/) H 
0 0 
7.45 rT z ;:; C/) 
(1) 
6.50 
~E I-'• 0 4.35 (/) (") (1) • 
2 . 57 ...__,, 
3.55 
4 . 30 
N 
'-J 
I-' 
Stands Quadrats : 
1 2 3 4 5 6 7 8 9 10 
1 +0.1 +0 . 8 +0 . 3 -0.2 +o . 9 -0 . 7 
2 +0 . 8 - 1.3 - 1. 8 - 0 . 8 
-0 . 9 
-0 . 3 
-3.0 
3 +0 . 8 +0.5 +o . 6 
4 - 0 . 8 
- 0 . 5 
- 0.5 +0.1 +0 . 3 
5 
-0 . 8 
- 0 . 8 
6 +0.1 +0 . 1 -0 . 8 +0.4 -1.1 
7 +1.5 +1.0 +1.0 +1.3 +0 . 6 +0.4 +o . 6 
8 +0 . 8 -0.4 +o . 7 +0.8 +0.2 -0.2 +o .s 
9 +0.8 +1.1 
- 0.4 
-0.1 
-0.5 
10 
- 0.3 +0 . 3 
- 0 . 2 +0.4 +o.s 
11 +0 . 8 +1.0 +o .s +0 . 1 +o. 7 
12 
-1. 6 
-1.1 
13 
-2.0 
-1.0 
14 
. +0 . 2 
15 0 . 0 +0.5 
16 
-0 . 5 +0 . 2 
17 
. -0 . 8 
-0 . 1 
18 
-0 . 2 0 . 0 
11 12 13 14 15 16 
. 
- 0.9 
+1.1 +0 . 2 +0 . 9 
+0 . 6 
-0.9 
-0.9 
-0.1 
+0 . 8 
+1.3 
+0.4 
+o.s 
+1.1 
-1.4 
-1. 8 -1.4 
-1.3 
-0.9 -0.7 
+o. 7 +o .s -0.5 
+ 0.1 + o . 6 +1.0 
+0 . 2 -0 . 4 - 0 . 5 
-0 . 2 +0 . 5 -0.4 
+0 . 1 
-0 . 5 0 . 0 +0 . 4 
17 18 19 20 21 
-0 . 7 . 
- 1.5 
- 1. 9 
0.0 - 2 . 1 
+ 0.3 . 
-0.4 . 
- 0 . 3 
Mean I 
I 
I 
+0 . 06 
- 0.68 
+0 . 68 
- 0 . 13 
- 0 . 70 
-0 . 08 
+0.96 
+0.34 
+0 . 22 
+a .so 
+o . 10 
- 1.47 
- 1. 30 
+0 . 24 
+ 0.42 
- 0 . 23 
-0 . 22 
+0 . 04 
>'rj 
t, 
!l> 
H 
~ 
::s:: 
H 
z 
I 
t--3 
tz:I 
~ 
tz:I 
~ 
~ 
t, 
H 
>'rj 
~ 
~ 
z 
n 
tz:I 
V) 
0 
n 
N 
-...J 
N 
Stands Da i ly Mean Tension Deviations : 
1 47 . 92 38 . 10 37 . 96 
2 51.55 63 . 30 82 . 70 
3 56 . 11 32 . 36 44 . 00 
4 65. 72 54 . 00 41.84 
5 41.46 48 . 90 73 . 80 
6 28 . 72 42 . 70 30 . 32 
7 45 . 40 59 . 64 71.00 
8 43 . 88 38 . 68 43 .48 
9 39 . 56 56.80 65 . 10 
10 30.40 41.20 35 . 12 
11 41.00 54.44 53 . 60 
12 67 . 00 61 . 80 53.60 
13 45 . 92 37 . 46 37 . 16 
14 72 . 28 78 . 76 44 . 26 
15 39. 20 50 . 30 38 . 12 
16 23.22 35 . 60 26 . 60 
17 38 . 10 26.90 25 . 16 
18 68 . 64 65 . 59 65 . 60 
(Dates and Quadrats a s i n Appendix II B) 
26 . 60 50 . 84 40. 72 51.36 
44 . 68 37 . 70 40 . 30 40 . 80 
54 . 04 58 . 20 48 . 60 47 .00 
39 . 70 39 . 56 42 . 00 
65 . 50 72 . 10 74 . 40 
31 . 04 41.30 32.00 
94 . 20 150.00 222 . 22 326.60 
60 .36 57 . 22 59 . 28 45 . 00 
49 . 69 57.80 43 . 70 54.10 
34.08 50 . 72 52 . 86 38.28 
60 . 00 54 . 60 50 . 04 63 .46 
52 . 00 51. 80 55 . 30 
28 . 32 27.00 38 . 44 
47 . 80 55.50 42 . 40 51. 10 
37 . 84 36 . 50 42 . 10 
30 . 04 46 . 30 35 . 00 
24 . 80 30.40 25 . 44 20 . 10 
63 . 00 53 . 60 66 . 50 51. 20 
Mean l 
l 
58.08 58 . 40 61.40 47 . 14 
41 .80 50 . 35 
48 . 62 
47 . 14 
62 . 69 1 
34 . 35 1 
2200 . 80 42 .34 356 . 91 
42 . 72 46 . 50 48.57 
36.-80 54 . 32 50 . 87 
40 . 38 
53 . 88 
56 . 92 
35 . 72 
56 . 01 
40 . 68 
32 . 79 
27 . 27 
62 . 06 
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H. ANNUAL SOIL MOISTURE CONDITIONS (cm. tens.) 
(Corrected Measurements) 
(Dates of Measurement as in Appendix II A) 
Stands 
1 2 3 4 5 6 7 8 9 
371 198 417 12 166 0 94 152 
48 131 30 23 170 0 56 0 46 
136 108 61 9 210 10 52 0 132 
141 129 92 18 165 0 72 0 107 
80 163 49 22 184 0 82 110 57 
69 156 62 18 168 0 76 0 71 
213 190 251 85 265 125 116 0 117 
117 140 73 23 198 58 68 0 122 
221 232 326 131 137 170 153 310 215 
11 88 38 29 173 58 83 100 61 
358 288 153 432 255 249 520 268 
152 115 71 52 212 50 80 165 102 
235 141 105 232 138 101 165 156 
221 244 193 45 207 66 108 250 159 
221 230 146 92 250 138 97 1500 171 
60 83 32 75 251 162 79 172 71 
69 76 20 26 210 88 74 269 80 
40 200 33 75 291 158 69 llO 164 
60 118 40 54 74 58 70 140 78 
52 153 129 74 230 11 76 48 149 
271 287 291 121 150 68 109 395 195 
141 131 77 57 114 11 76 110 87 
210 197 53 179 318 150 79 172 87 
117 103 73 52 142 0 77 250 99 
271 326 171 139 269 68 123 370 159 
0 95 40 22 162 0 48 269 190 
0 225 104 23 170 0 91 269 107 
0 95 12 12 183 0 77 190 87 
0 132 93 26 192 0 85 250 64 
213 198 188 81 261 58 152 510 183 
215 249 196 69 265 58 155 665 190 
(a) 139.1 169 . 3 116. 7 61.4 208.7 63 . 2 94 . 4 243.6 125 .0 
(b) 88 . 2 57 . 5 77 . 7 38 . 8 51. 2 53 . 4 27 . 0 177 .3 45 .8 
(a) Mean Annual Soil Moisture Condition 
(b) Soil Moisture Temeoral Instability 
(Mean deviations of measurements 
made throughout the year) 
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Stands 
10 11 12 13 14 15 16 17 18 
so 89 24 76 529 44 140 
25 70 92 62 24 0 120 
72 114 145 187 0 67 62 149 
72 119 143 123 48 64 53 112 
so 101 128 159 55 67 21 73 
so 83 130 69 71 49 16 27 
74 220 161 187 138 183 120 85 
74 83 148 126 62 63 113 42 102 
87 258 180 201 160 284 198 130 150 
94 88 144 117 71 13 39 100 
112 371 223 203 192 741 45 131 214 
80 127 149 102 71 67 0 61 113 
95 134 163 158 121 144 82 45 166 
102 121 160 128 129 44 86 40 111 
104 125 160 164 90 99 38 111 169 
39 45 165 164 53 7 0 0 113 
53 51 144 118 70 24 0 149 115 
99 60 181 158 66 67 6 149 167 
49 65 179 150 so 24 0 131 154 
90 60 118 128 48 62 99 147 
120 144 194 161 89 272 127 110 196 
71 26 143 151 48 40 22 95 159 
123 67 236 184 70 510 0 107 269 
90 46 140 84 so so 88 107 104 
133 57 201 157 76 205 230 116 213 
60 52 142 90 62 54 29 120 133 
102 52 152 84 62 536 0 85 112 
74 so 140 95 53 31 0 14 101 
64 78 150 49 0 so 41 123 132 
133 134 171 160 87 118 83 123 211 
126 133 161 115 123 159 117 250 
(a) 82 . 8 104 . 5 155.9 124.8 76 . 1 150.1 51. 9 96.0 154 . 2 
(b) 23.7 49.8 22.8 40.7 29.1 129 . 6 47 . 1 33.5 39.3 
I I 
Stands pH pH %C %N C/ N CEC (H20) (KCl) Ratio meq/l 00gm 
1 5.7 4 . 8 3.23 0 . 47 6 . 9 46 . 90 
2 5 . 3 4.3 2.90 0 . 41 7.1 42 . 17 
3 5.2 4.3 9 . 05 0.57 15.9 46 . 46 
4 5.5 4.5 6 . 15 0 . 46 13.4 45.26 
5 5.2 4 . 3 9 . 71 0.46 21.1 42.03 
6 4.9 4 . 3 10 . 23 0 . 95 10 . 8 58 . 93 
7 5 . 5 4 . 4 4 . 05 0 . 43 9.4 43 . 26 
8 5.4 4 . 4 3 . 86 0. 45 8 .6 38 . 76 
9 5 . 3 4 . 1 7 . 48 0.58 12 .9 41.3 7 
10 5.8 4.3 4 . 46 0 . 24 18. 6 37 . 33 
11 5 . 7 4 . 8 4 . 16 0 . 55 7 . 6 39 . 58 
12 4 . 7 3.8 7 .10 0 . 89 8 . 0 73 . 53 
13 4 . 7 4 . 2 8.50 1.09 7 .8 76. 63 
14 5 . 7 4.5 4 . 04 0.42 9.6 33 . 04 
15 6 . 0 4 . 8 2 .66 0 . 30 8 . 9 21. 20 
16 5 . 7 4 . 8 3 . 41 0 . 36 9.5 28 . 99 
17 4 . 6 3 . 8 8 . 81 0.73 12 .1 63 . 74 18 4 . 7 4 . 0 7 . 12 0 . 53 13 .4 44 . 84 
P205 Exch Ca Exch Mg 
(ppm) me q/l00gm meq/l00gm 
24 4 . 41 0 . 83 
24 2. 29 0.31 
48 3 .30 0 . 82 
24 6.02 0 . 95 
20 4 . 39 0 . 67 
110 6 . 66 1. 99 
24 3 . 89 1. 02 
14 4 . 18 0 . 75 
Tr 2 .30 Tr 
30 3 . 91 0 . 89 
24 6 . 80 1. 80 
50 2 .34 0 . 97 
40 2 . 64 1. 04 
20 5 . 32 0 . 74 
30 4 . 66 0 . 68 
60 6. 34 0 . 94 
48 1. 78 0 . 19 
20 2 . 28 0 . 05 
Exch K 
meq/l00gm 
0 . 78 
0 . 45 
0.45 
1.35 
0.56 
0.35 
0 . 44 
0 . 40 
0 . 14 
0 . 45 
0 . 40 
0 . 46 
0 . 45 
0 . 45 
0 . 54 
0 . 77 
0 . 40 
0 . 45 
- -
Exch Na 
meq/l00gm 
0 . 04 
0.04 
0 . 04 
0 . 14 
0.10 
0 . 19 
0 . 10 
0 . 29 
0.10 
0 . 10 
0 . 14 
o. 29 
0 . 10 
0 . 04 
0.04 
0 . 04 
0.10 
0 . 14 
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APPENDIX VII 
BASAL AREAS AND WEIGHI'S OF TREES SAMPLED 
TO DERIVE REGRESSION LINES 
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A. SOFTWOODED TREES 
Omalanthus cf . surigaoense (1535) 
12 2 2.9 kg . cm. 
20 6.5 
45 19.8 
65 34 . 9 
75 34 . 9 
105 67.8 
108 43 .3 
125 66.8 
150 67.8 
200 153 . 1 
240 256 . 5 
Omalanthus cf . populneus (1734) 
13 . 5 
17.5 
42 
57 
80 
95 
128 
cm. 
2 5.6 kg. 
5 .8 
19 . 9 
23 . 0 
41.1 
41.4 
53.6 
Trema orientalis (1596) 
10 2 3.8 kg. cm . 
17 6.4 
26 13. 9 
35 14.0 
48 14 . 5 
85 47 . 8 
220 150.0 
520 274 . 2 
Mallotus paniculatus (1735) 
22 
32 
50 
170 
480 
760 
2 
cm. 7.5 kg. 
12.6 
21.4 
116 . 3 
465.0 
1,408 .4 
Mallotus ricinoides (1546) 
73 
95 
130 
2 
cm . 42 . 0 kg. 
37.6 
68 . 9 
Clerodendrum sp . (1547) 
2 15 cm. 7 . 8 kg. 
Melastoma cf . polyanthum (1520) 
2 24 cm. 15 . 9 kg. 
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B. LARGE MUSACEOUS HERBS 
43 
55 
110 
140 
43 
205 
255 
305 
400 
35 
35 
60 
85 
85 
110 
190 
215 
250 
290 
460 
Musa sp . (3432) 
2 
cm . 11 . 6 kg . 
14 . 0 
29 . 3 
38 . 7 
Musa textil i s (3438 ) 
2 
cm . 
C. TREE FERNS 
11. 7 kg . 
65 .3 
84 . 1 
94.9 
158.8 
Cyathea spp . (3430, 3431) 
2 
cm . 13.7 kg . 
26 . 8 
26 . 2 
35 . 5 
45.6 
53 . 0 
71. 9 
84 . 9 
91.2 
179 . 1 
146 . 1 
D. HARDWOODED TREES 
Ficus sp . (1867) 
2 23 cm . 10.5 kg . 
20 . l 
42 . 9 
50 
51 
35 
940 
94 
280 
Lithocarpus sp . (1732) 
2 
cm . 21. 6 kg. 
1,773 . 4 
Cinnamomum sp . (1888) 
2 
cm. 47 . 8 kg . 
199.2 
AstryCJCalyx calycina (1730) 
270 
480 
12 
300 
2 
cm . 308 . 9 kg. 
382.8 
Loganiaceae (1975 ) 
2 
cm . 4 . 2 kg . 
450 . 3 
279 
t 
---
100 
1,480 
40 
500 
cf . Shorea almon (3433) 
2 
cm . 61. 0 kg. 
2,017 . 2 
cf . Shorea sp. (3434) 
2 
cm. 12 . 1 kg. 
505 . 2 
Shorea cf. polysperma (1937) 
2 780 cm. 1,083.3 kg . 
Memecylon sp. (1993) 
220 2 cm . 286.8 kg . 
Pandanus sp. (1954) 
2 70 cm . 49.8 kg. 
Veronia arborea (1738) 
2 150 cm. 143.1 kg . 
Saurauia sp . (1731) 
2 15 cm. 7.8 kg. 
280 
I (P 
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APPENDIX VIII 
SPECIES IDENTIFIED 
(CLASSIFIED ECOLOGICALLY AND MORPHOLOGICALLY) 
(Collector's 
number) 
A. REGROWTH SPECIES 
SOFTWOODED TREES 
Caricaceae : Carica ANU 3442 
1535 
1546 
1585 
1734 
1735 
1797 
Euphorbiaceae : Omalanthus cf . surigaoense Elm . 
Euphorbiaceae : Mallotus ricinoides (Pers.) Muell. Arg . 
Euphorbiaceae : Macaranga aleuritoides F.Muell . 
Euphorbiaceae : Omalanthus cf. populneus Merr . 
Euphorbiaceae : Mallotus paniculatus (Lamk) Muell.Arg . 
Euphorbiaceae : cf . Mallotus 
1520 Melastomataceae :· Melastoma cf . polyanthum Blm. 
1630 
1662 
1698 
1754 
Moraceae: Ficus 
Moraceae : Ficus 
Moraceae : Ficus 
Moraceae: cf . Ficus 
Papilionaceae: Erythrina 1540 
1737 Rhamnaceae : Alphitonia incana (Roxb . ) Kurz 
1596 Ulmaceae : Trema orientalis (L . ) Bl . 
1538 Urticaceae: Pipturus 
1539 Urticaceae: Acalypha 
1660 Urticaceae : Pipturus 
1680 Urticaceae : Laportea 
1736 Urticaceae: Laportea 
1749 Urticaceae 
1547 Verbenaceae : Clerodendrum 
1828 Verbenaceae 
(Indeterminate, 1 species). 
LARGE ZINGIBERACEOUS HERBS 
1519 
3440 
Zingiberaceae: Costus speciosus (Koen . ) Sm. 
Zingiberaceae : Hornstedtia 
3432 
3438 
3439 
LARGE 
Musaceae : Musa 
Musaceae: Musa 
Musaceae : Musa 
MUSACEOUS HERBS 
textilis Nee . (wild variety) 
text ilis Nee. (cultivated variety) 
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ANU 3430 
3431 
1763 
1829 
1834 
1758 
1764 
1810 
1900 
1504 
1784 
1830 
3414 
1517 
1743 
1500 
1501 
1501 
1507 
1516 
1545 
1740 
1767 
1768 
1833 
1906 
1608 
1721 
1744 
1748 
1762 
1775 
1848 
1853 
1524 
1759 
1818 
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TREE FERNS 
Cyatheaceae: Cyathea contaminans (Wall. et Hook.) Copel. 
Cyatheaceae: Cyathea elmeri Copel. 
SMALL HERBS, VINES AND SHRUBS 
Ar aceae 
Araceae 
Araceae 
Ar istolochiaceae: cf . Aristolochia 
Aristolochiaceae : cf. Aristolochia 
Aristolochiaceae: cf. Aristolochia 
Aristolochiaceae : cf. Aristolochia 
Asclepiadaceae : Asclepias curassavica Linn. 
Aspidiaceae : Cyclosorus 
Aspidiaceae : cf. Cyclosorus 
Aspidiaceae : cf. Athyrium 
Balsaminaceae: Impatiens 
Caryophyllaceae: Drymaria cordata (L) Roem. and Schult. 
Compositae: Elephantopus mollis H.B.K. (listed in text as 
Compositae: Ageratum conyzoides L. cf. Eclipta) 
Cornpositae: Crassocephalum crepidioides (Ben th.) S. Moore 
Compositae: Erecthites valerianifolia (Wolf) DC. f . valerian -
Compositae: Microglossa pyrifolia (Lamk) O.Kuntze 
Compositae: Veronia 
Compositae: Bidens pilosa L. 
Compositae: cf . Oxalis 
Compositae 
Compositae 
Compositae: Synedrella nodiflora (L.) Gaertn. 
Convolvulaceae: Convolvulus 
ifolia 
Convolvulaceae: Stietocendra filiifolia (Desr.) Hallier f. 
Cucurbitaceae 
Cucurbitaceae 
Cucurbitaceae 
Cucurbitaceae 
Cucurbitaceae 
Cucurbitaceae 
Cyperaceae: Scleria cf. scrobiculata Nees 
Davalliaceae: Nephrolepis 
Davalliaceae: cf. Nephrolepis 
ANU 1760 
1858 
1943 
1796 
1806 
1808 
1533 
1534 
1582 
1742 
1757 
1781 
1883 
1935 
1955 
3436 
1678 
1843 
1541 
1917 
1659 
3428 
1832 
1672 
1683 
1756 
1795 
1866 
1769 
1771 
1782 
1820 
1827 
1849 
1919 
1920 
1846 
1628 
cf. Gesneriaceae 
Gesneriaceae : Cyrtandra 
Gesneriaceae: cf. Aeschynanthus 
Gleicheniaceae: cf. Hypolepis 
Gleicheniaceae: Gleichenia 
Gleicheniaceae: Gleichenia truncata (Willd.) Spr. var. 
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truncata 
Gramineae: Cyrtococcum accrescens (Trin.) Stapf 
Gramineae: Setaria palmifolia (Koen.) Stapf 
Gramineae: Pennisetum macrostachyum (Brongn.) Trin . 
Gramineae : Paspalum conjugatum (L.) Berg 
Gramineae: cf. Cyrtococcum 
Gramineae 
Gramineae: Panicom maximum Nees 
Gramineae: Lophatherum gracile Brongn. 
Gramineae: Miscanthus floridulus (Labill . ) K.Sch. and Laut. 
Gramineae: Imperata cylindrica var. major Nees 
Marantaceae 
Marattiaceae 
Melastomataceae: Dissochaeta 
Melastomataceae: cf. Melastoma 
Orchidaceae: Spathoglottis 
Papilionaceae: Centrosema pubescens Benth 
Piperaceae: cf. Piper 
Pteridaceae: Pteridium aguilinum (L.) Kuhn 
Pteridaceae: Pteris 
Pteridaceae: cf. Pteris 
Pteridaceae: Histiopteris incisa (Thunb.) J.Sm. 
cf. Pteridaceae 
Rosaceae: Rubus 
Rosaceae: Rubus moluccana Linn. 
Rosaceae: cf. Rubus 
Rubiaceae: cf. Uncaria 
Rubiaceae : Hedyotis 
Rubiaceae: cf. Psychotria 
Rubiaceae: cf . Hedyotis 
Rubiaceae: cf. Hedyotis or Ophiorrhiza 
Scrophulariaceae: cf. Lindenia 
Selaginellaceae: Selaginella 
ANU 1506 
1676 
1745 
1787 
1838 
1858 
1907 
1964 
3425 
1774 
1785 
1792 
1807 
1819 
1839 
1860 
1921 
1962 
3408 
1664 
1842 
1913 
Solanaceae: Physalis 
Solanaceae: Solanum 
Solanaceae : Solanum nigrum L. 
Urticaceae 
Urticaceae 
Urticaceae: cf . Pilea 
Urticaceae 
Urticaceae : cf . Boehmeria 
Urticaceae 
Violaceae 
Vitaceae 
Vitaceae 
Vitaceae 
Vitaceae: Cissus 
Vitaceae 
Vitaceae: cf. Cayratia 
Vitaceae 
cf. Vitaceae 
Vitaceae: cf. Cissus 
Zingiberaceae/Marantaceae 
Zingiberaceae 
Zingiberaceae: cf. Alpinia 
(Indeterminate, 33 species). 
B. FOREST SPECIES 
FOREST TREES 
3407 cf . Aquifoliaceae: cf . Ilex 
1566 Buddleiaceae: Buddleia asiatica Lour. 
1961 Burseraceae: cf. Canarium 
1928 Clethraceae: Clethra cf. canescens F.-Vill. 
1738 Compositae: Veronia arborea Ham. 
3417 Daphniphyllaceae: cf. Daphniphyllum 
1937 Dipterocarpaceae: Shorea cf. polysperma (Blco.) Merr. 
3433 Dipterocarpaceae: cf. Shorea almon Foxw. 
3434 Dipterocarpaceae: cf. Shorea 
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ANU 1852 Euphorbiaceae 
1870 cf . Euphorbiaceae 
1894 Euphorbiaceae: cf. Macaranga 
1909 Euphorbiaceae: cf. Glochidion 
1983 Euphorbiaceae: cf. Macaranga 
1649 Fagaceae: Lithocaq~us 
1732 Fagaceae: Lithocaq~us 
1865 Fagaceae : Lithocaq~us 
1886 Fagaceae : Lithocaq~us 
1886A Fagaceae: Lithocaq~us 
3422 Gesneriaceae: cf. Cyrtandra 
1924 Gutt i ferae: cf. Caloehyllum 
1973 Gutt iferae: cf. Garcinia 
1991 Icacinaceae 
1861 cf. Lauraceae 
1862 Lauraceae : cf. Cryetocarya 
1873 Lauraceae: cf. Cryetocarya 
1874 Lauraceae: cf. Cryetocarya 
1875 Lauraceae: cf. Cryetocarya 
1888 Lauraceae: Cinnamomum 
1914 Lauraceae 
1923 Lauraceae : cf . Eniandra 
1944 Lauraceae: Lit sea 
1948 Lauraceae: cf. Cryetocarya 
1982 Lauraceae: cf. Lit sea 
1998 Lauraceae : Actinodaehne 
1975 Loganiaceae 
1730 Melastomataceae: Astryocalyx calycina (Vid.) Merr . 
1993 Melastomataceae: Memecylon 
1933 Meliaceae: cf. Aglaia 
3412 Meliaceae: cf. Aglaia 
1817 Monimiaceae: cf. Kibara 
1904 Monimiaceae: cf. Leviera 
3413 Monimiaceae: cf. Kibara 
1867 Moraceae: Ficus 
1891 Moraceae: cf. Ficus 
1981 Moraceae: Ficus 
3401 Moraceae 
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ANU 1903 Myrsinaceae: Ardisia 
1950 Myrsinaceae 
1959 Myrsinaceae 
3420 Myrsinaceae: cf . Raeanea 
1739 Myrtaceae: Syzygium 
1931 Myrtaceae: cf . Syzygium 
1988 Myrtaceae: cf . Syzygium 
1883 Palmae 
1892 Palmae 
1954 Pandanaceae : Pandanus 
1899 Piperaceae: cf. Pieer 
1841 Proteaceae 
1889 Proteaceae 
3406 Proteaceae: cf. Helicia 
1805 Rubiaceae: cf. Hedyotis 
1952 Rubiaceae: Lasianthus 
1995 Rubiaceae 
1938 Sapindaceae 
3402 Sapindaceae 
1731 Saurauiaceae: Saurauia 
1777 Symplocaceae: Symelocos 
1960 Symplocaceae: Symelocos 
3415 Theaceae: cf. Eurya 
1915 cf . Urticaceae 
1887 Urticaceae 
1864 Verbenaceae: cf. Geunsia 
1942 Vitaceae: cf . Vitex 
(Indeterminate, 34 species). 
OTHER FOREST SPECIES 
1531 Acanthaceae: Staurogyne 
1884 Aristolochiaceae: cf . Aristolochia 
1803 cf. Asclepiadaceae 
1845 Asclepiadaceae 
1957 Asclepiadaceae 
1946 Aspidiaceae: cf. Dielazium 
1947 Aspidiaceae: Athyrium 
ANU 1639 
1642 
1929 
1966 
1968 
1969 
1985 
1990 
1912 
1804 
1637 
1941 
1813 
1641 
1992 
1999 
1514 
1542 
1510 
1934 
1996 
1869 
1689 
1817 
1980 
1518 
1646 
1786 
1794 
1814 
1880 
1885 
1977 
3400 
As p leniaceae : As p lenium cf . cordatum Forst . 
As p leniaceae : As p lenium cf. decorum Kunze 
Asp l eniaceae : cf . As plenium 
As p leniaceae : cf . As plenium 
Aspleniaceae : cf . Asplenium 
As pleniaceae: cf . As p lenium 
Aspleniaceae : cf . Asplenium 
As p leniaceae 
Chlorant ha ceae : Ch l or an t hus 
Compositae : Blumea ripa r ia (Bl . ) D.C . 
Davalliaceae : Leucostegia 
Davalliaceae : cf . Davallia 
Gesneriaceae : cf . Cyrtandra 
Hymenophyllaceae 
Hymenophyllaceae: cf . Hymenophyllum 
Hymenophyllaceae 
Labiatae : Coleus 
Lycopodiaceae : Lycopodium 
Melastomataceae : Medinilla 
Melastomataceae: cf . Medinilla 
Moraceae 
Myrtaceae : cf . Syzygium 
Orchidaceae : Bullophyllum 
Orchidaceae 
cf . Orchidaceae 
Palmae : Daemonorops 
Pandanaceae: Freycinetia 
Pandanaceae : Freycinetia 
Papilionaceae 
Piperaceae : cf. Piper 
Pipe r aceae : cf . Piper 
Piperaceae : cf . Piper 
Piperaceae : cf . Piper 
Piperaceae : cf. Peperomia 
1927 Polypodiaceae : cf. Pyrrosia 
1987 Polypodiaceae 
1799 Pteridaceae : cf . Lindsaya 
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ANU 1837 Rubiaceae : cf . O:ehiorrhiza 
1957 cf . Rubiaceae 
1508 Urticaceae : Elatostema 
1685 Urticaceae : Poikilos:eermum 
1898 Urticaceae 
1956 Urticaceae 
1970 Urticaceae : cf. Pilea 
1978 Urticaceae : cf. Elatostema 
1979 Urticaceae : cf. Pilea 
342 1 Urticaceae : cf . Elatostema 
1811 Vitaceae: cf . Cayratia 
1882 Vitaceae 
(Indeterminate, 24 species) . 
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